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FOREWORD 

Central  Pennsylvania  represents  the  northern  limit  of  the  eastern 
wild  turkey's  present  range,  and  since  the  closing  years  of  the  nine- 
teenth century,  the  Game  Commission  has  earnestly  strived  constantly 
to  main  a  shootable  turkey  population  within  the  Commonwealth. 

The  difificulties  encountered  in  these  efforts  have  increased  tre- 
mendously during  recent  years,  both  because  of  a  vastly  enlarged 
army  of  hunters  and  because  of  greatly  improved  methods  of  transpor- 
tation, including  numerous  new  woods  roads,  whicli  render  the  forested 
areas  readily  accessible  to  the  gunners.  To  offset  them,  the  restocking 
of  captive-reared  birds  was  undertaken  roughly  ten  years  ago,  and 
later  numerous  small  refuges  were  created  in  the  wild  turkey  counties. 

The  artificial  propagation  of  wild  turkej^s  which  possess  those  same 
desirable  sporting  characteristics  exhibited  by  the  true  wild  birds 
is  a  most  difficult  matter.  The  experimental  return  to  a  system  of 
cross-mating  employed  in  a  limited  way  by  the  Commission  over 
twenty  years  ago  appeared,  however,  to  present  a  method  of  producing 
birds  of  the  desired  type,  but  before  investing  large  sums  of  money  for 
such  purposes  it  was  leemed  wise  to  determine  definitely  whether  or 
not  birds  so  reared  were  actually  superior  to  those  produced  by  the 
usual  methods. 

The  answer  to  this  question  could  be  found  only  by  resorting  to 
basic  biological  research,  which  the  Commission  was  not  at  that  time 
equipped  to  perform.  A  cooperative  agreement  was,  therefore,  made 
for  the  conduction  of  the  work  at  the  School  of  Forestry  and  Conser- 
vation of  the  University  of  Michigan,  one  of  the  country's  oldest  and 
best-known  conservation  organizations  and  one  equipped  with  the  most 
up-to-date  research  facilities  suitable  for  use  in  the  problem  at  hand. 

Agents  of  the  Commission's  Divisions  of  Research  and  Propagation 
worked  with  representatives  of  the  University  in  a  series  of  physio- 
logical experiments  combined  with  field  checks  of  the  results  obtained. 
Though  typical  of  a  field  of  research  heretofore  barely  more  than 
touched  upon  by  wildlife  workers,  the  results  obtained  from  the 
studies  have  proven  most  valuable  in  that  they  have  clearly  demon- 
strated three  highly  important  points.  First,  that  the  cross-mated 
birds  are  definitely  superior  to  those  produced  by  common  game  farm 
methods;  secondly,  that  the  results  obtained  from  basic  physiological 
investigations  can  be  practically  applied  in  wildlife  management;  and 
thirdly,  that  state  conservation  departments  can  rely  upon  the  nation's 
colleges  and  universities  to  furnish  invaluable  assistance  in  the  form 
of  basic  research. 

This  bulletin  describes  both  in  popular  and  technical  form  the  co- 
operative studies  undertaken  and  completed.  It  is  felt  that  they 
represent  an  important  step  in  the  Commission's  turkey  restoration 
program,  and  it  is  hoped  that  the  report  on  them  will  prove  both  inter- 
esting and  instructive.  ,,  ^ 

Seth  Gordon, 

Harrisburg,  1939  Executive  Director. 

•  •  • 
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PART  I 


THE  INHERENT  "WILDNESS"  OF 
DIFFERENT  STRAINS  OF  WILD  TURKEYS 

By 
Richard  Gerstell 

Introduction 

Since  the  earliest  days  of  colonization,  the  wild  turkey  has  Deen 
closely  associated  with  Pennsylvania  history.  It  remains  today  in  fair 
numbers  and  ranks  with  the  black  bear  as  one  of  the  two  most  highly 
prized  sporting  trophies  to  be  taken  within  the  Commonwealth. 

The  bird  originally  native  to  the  State  was  the  true  eastern  wild 
turkey,  Mcleagris  gallopavo  silvcstris  (Vieillot),  which  Mosby  (6)  states 
was  first  technically  described  by  Vieillot  in  1817  from  a  Pennsyl- 
vania specimen. 

The  common  domestic,  or  barnyard  turkey,  now  so  widely  propa- 
gated, is  generally  believed  to  have  arisen  from  the  live-trapping  and 
taming  of  the  Merriam's  turkey  of  Southwestern  North  America, 
M.  g.  merriami  (Nelson).  Limited  numbers  of  these  birds,  which  had 
been  domesticated  by  the  Indians,  were  taken  to  Europe  by  the  early 
explorers.  Later  generations  of  them  were  brought  back  to  the 
Atlantic  seaboard  colonies  of  America  by  the  settlers. 

Turned  out  to  range  on  the  pioneer  farms,  many  of  the  domestic 
birds  wandered  off  with  the  wild  flocks  and  took  up  an  abode  in  the 
forests.  In  addition,  wild  toms  sometimes  came  close  in  around  the 
farmyards  and  there  mated  with  the  tame  hens.  Thus,  during  the 
past  three  centuries,  the  present  stock  of  wild  turkeys  has  become 
hopelessly  crossed  with  various  domestic  strains,  with  the  ultimate 
result  that  it  appears  virtually  certain  that  no  absolutely  pure  strain 
wild  turkeys  are  now  to  be  found  alive  within  the  Commonwealth. 

In  spite  of  numerous  generations  of  cross-breeding,  however,  there 
remained  in  Pennsylvania  at  the  time  the  Game  Commission  was 
formed  in  1895  a  relatively  small  population  of  wild  turkeys.  The 
individual  members  of  the  group  very  closely  resembled  in  all  respects 
the  original  native  species  and  were  from  the  sportsman's  viewpoint 
"genuinely  wild."  The  population  has  gradually  increased  during  the 
past  fortj^  years,  principally  through  the  protection  offered  by  com- 
paratively short  open  hunting  seasons  and  a  carefully  planned  and 
fully  protected  system  of  game  refuges.  At  present  it  aft'ords  the 
hunters  an  annual  legal  kill  totalling  from  3,500  to  6,000  or  more  birds. 

To  aid  its  turkey  management  program,  the  Commission  in  1929 
established  the  State  Wild  Turkey  Farm.  Its  purpose  was  annually 
to  supply  a  comparatively  large  number  of  first  quality  wild  turkeys 
for  restocking  depleted  coverts. 


The  unit  comprises  approximately  1,200  acres  of  land  in  Lack  Town- 
sliip,  Juniata  Count}',  in  the  heart  of  ]*ennsylvania's  i)ortion  of  the 
wild  turkey's  ])resent  ran<»'e.  The  central  half  of  the  area  is  sur- 
rounded by  a  woven  Avire  fence  nine  feet  in  height.  Within  the  en- 
closure are  located  tlie  incubator  and  brooder  houses,  holding  pens 
and  other  essentials  of  the  propagating  plant.  They  are  surrounded 
by  more  than  600  acres  of  ideal  mountain  turkey  range,  including 
both  cleared  and  wooded  sections. 

The  original  brood  stock  taken  to  the  farm  consisted  of  a  flock  of 
approximately  100  cross-bred,  "semi-domesticated"  turkeys,  believed 
to  have  been  built  up  principally  with  birds  hatched  from  eggs  illegally 
taken  in  the  wild.  The  individual  specimens  all  exhibited  the  chestnut- 
colored  tail-band  and  other  outstanding  characteristics  of  the  native 
eastern  wild  turkey.  Their  bodies  were  light  and  fusiform,  their  car- 
riage erect.  In  short,  except  for  the  all  important  fact  that  they  acted 
only  "half-wild,"  they  outwardly  appeared  to  possess  all  the  attributes 
of  "genuine"  wild  turkeys. 

Since  1929  over  11,000  individuals  have  been  reared  from  the  pri- 
mary breeding  stock.  Practically  all  of  them  have  been  released  for 
restocking  purposes.  Since  severe  culling  and  selective  mating  have 
been  constantly  practiced,  the  birds  turned  out  have  been  of  excep- 
tional quality,  at  least  as  far  as  artificially  propagated  strains  are  con- 
cerned. 

Since  the  establishment  of  the  farm,  one  problem  of  major  propor- 
tions has  been  constantly  encountered  in  the  restocking  ])rogram. 
In  spite  of  special  handling  methods,  including  a  carefully  planned 
"hardening  off"  process,  many  of  the  birds  planted  evidenced  that  most 
desirable  characteristic  of  "wildness"  to  only  a  limited  degree. 

In  some  few  cases,  groups  of  birds  were  released  at  carefully  selected 
sites  far  removed  from  human  habitations  where  wild  individuals  were 
known  to  range.  Instead  of  remaining  in  those  sections,  however, 
they  shortly  made  their  way  to  the  nearest  farms,  where  they  were 
wont  to  remain  in  spite  of  numerous  attempts  to  drive  them  back  into 
the  woods.  In  some  instances,  the  same  tendency  was  evidenced  to  a 
lesser  degree,  w^hile  in  still  others,  the  birds  promptl}^  reverted  to  the 
true  wild  type  and  the  plantings  proved  higldy  successful. 

In  attempting  to  increase  the  degree  of  "wildness"  exhibited  by  the 
birds  raised  at  the  Turkey  Farm,  the  Commission  in  the  spring  of  1936 
again  resorted  to  the  use  of  a  principle  which  its  first  Secretary,  Dr. 
Joseph  Kalbfus,  reported  utilizing  on  a  limited  scale  in  1912  (3). 
During  the  past  few  years  the  same  system  has  been  employed  in 
Missouri,  Virginia  and  possibly  other  states.  It  involves  the  confine- 
ment of  unmated,  "semi-domesticated,"  game  farm  females  in  open 
pens  located  in  remote  sections  of  the  State's  best  turkey  range.  The 
wild  toms  in  the  vicinity  fly  into  the  enclosures  and  mate  with  the 
captive  hens.  Then,  as  fast  as  laid,  the  eggs  are  collected  and  taken 
to  the  Turkey  Farm  for  incubation.  The  poults  hatched  from  them 
are  propagated  in  the  same  general  manner  as  the  regular  farm  stock 
arising  from  the  mating  of  farm-reared  males  and  females.     Full  de- 


tails of  this  program  have  been  described  by  Fluke  (1),  Luttringer 
(4)  and  Wessell  (7). 

Once  under  way,  it  was  obvious  to  those  persons  connected  with  the 
newly  undertaken  program  that  the  birds  produced  from  the  wild- 
mating  areas  were  far  superior  to  the  straight  game  farm  individuals 
in  that  they  appeared  to  possess  the  factor  of  "wildness"  to  a  far 
greater  degree  than  did  the  latter. 

The  difl:*erences  in  the  degree  of  wildness  exhibited  by  tlie  two  classes 
of  birds  were  readily  observed  shortly  after  hatching  from  the  egg. 
When  one  placed  a  hand  in  an  incubator  tray  containing  ten-to-twelve- 
hour-old  poults  from  the  wild-mating  areas  and  then  shortly  thereafter 


Figure    I.     A    wild   ifobbler   with   hens  eontined    in   a    wildernewH   mating   area. 

placed  it  in  another  section  filled  with  game  farm  birds  of  the  same 
age,  hatched  under  identical  conditions,  a  slight  but  very  definite  dif- 
ference in  the  reactions  of  the  two  groups  was  noted.  The  mating  area 
birds  showed  a  tendency  to  pull  away  from  the  hand  as  if  afraid  of  it, 
while  the  game  farm  individuals  appeared  completely  unaware  of  its 
presence.  When  the  poults  were  removed  from  the  incubator  and 
placed  in  carrying  boxes  ready  for  transportation  to  the  brooder  house, 
similar  reactive  ditit'erences  were  noted.  The  mating  area  peeps  tended 
to  duck  and  shy  away  from  rapid  movements  made  by  the  human 
handlers,  while  the  game  farm  group  evidenced  little  or  no  reaction 
to  them.  The  same  results  were  obtained  when  a  slight  sound  was  pro- 
duced by  scratching  on  the  exterior  surface  of  the  containers.  When 
birds  of  each  class  were  placed  on  a  table  and  induced  to  walk,  the 
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The  unit  coinpj'iscs  ai)|)r()xiinat('ly  1/200  acres  of  land  in  [jack  Town- 
sliij),  .Iiiiiiala  Coinily,  in  llic  licart  of  IN'inisylvania's  poi-tioji  of  tlio 
wild  turkey's  present  ran«»('.  The  central  half  of  the  area  is  snr- 
ronnded  by  a  woven  wii-e  fence  nine  feet  in  hei^'ht.  Within  the  en- 
closni'e  are  located  the  incnbator  and  brooder  houses,  holding  pens 
and  other  essentials  of  the  |)i'opa<iat in«r  plant.  They  are  surromnled 
by  more  than  (iOO  acres  of  ideal  mountain  turkey  range,  including 
both  cleared  and  wooded  sections. 

'J'lie  original  bi'ood  stock  taken  to  the  fai'm  consisted  of  a  flock  of 
a|)proximately  100  cross-bred,  "semi-domesticated''  turkeys,  believed 
to  have  been  built  up  i)riiu'i|)ally  with  birds  hatched  fi'om  eggs  illegally 
taken  in  the  wild.  The  individual  sjx'cimens  all  exhibited  the  chestnut- 
colored  tail-band  and  otliei*  outstanding  chai'acteristics  of  the  native 
eastern  wild  turkev.  Their  bodies  wei'c  light  and  fusiform,  their  cai'- 
I'iage  ei-ect.  In  short.  exce|)t  for  the  all  important  fact  that  they  acted 
oidy  "half-wild,"  they  outwardly  ai)[)eare(l  to  j)ossess  all  the  altributi^s 
of  "genuine"  wild  turkeys. 

Since  1!>2I>  over  11,000  individuals  have  been  reai'ed  IVom  the  pi'i- 
marv  breeding  stiudv.  Practicallv  all  of  them  have  been  i-eleased  for 
restocking  purposes.  Since  severe  culling  and  selective  mating  have 
been  constantly  |)racticed,  the  bii'ds  turned  out  have  been  of  excep- 
tional (|uality,  at  least  as  far  as  artificially  j)ropagate(l  strains  are  con- 
cerned. 

Since  the  establishment  of  the  farm,  one  i)roblem  of  liiajor  j)ropor- 
tions  has  been  constantly  encountei'ed  in  the  i-estocd^ing  |)rogi'am. 
In  spite  of  special  handling  methods,  including  a  carefully  planned 
"hardening  off"  process,  many  of  the  birds  planted  evidenced  that  most 
desirable  characteristic  of  "wildness"  to  only  a  limited  degree. 

in  some  few  cases,  groups  of  biisls  w«'j'e  released  at  carefully  selected 
sites  far  i-cmoved  from  human  habitations  where  wild  individuals  were 
known  to  range.  Instead  of  remaining  in  those  sections,  however, 
thev  shortlv  madt»  their  wav  to  the  neai'est   farms,   where   thev   were 

t  a  •  ^  • 

wont  to  I'cmain  in  sj)ite  of  nmnerous  attempts  to  di'ive  them  back  into 
the  woods.  In  some  instances,  the  same  tendency  was  evidenced  to  a 
lesser  degree,  while  in  still  others,  the  birds  ])romptly  reverted  to  the 
true  wild  tyjie  and  the  })lantings  proved  liigldy  successful. 

In  attempting  to  increase  the  degree  of  "wildness"  exhibited  by  the 
birds  raised  at  the  Turkey  Farm,  the  Commission  in  the  spring  of  lll.SO 
again  resorted  to  the  use  of  a  |)rincii)le  which  its  first  Secretary,  Dr. 
•Joseph  Kalbfus,  reported  utilizing  on  a  limited  scale  in  1912  (3). 
During  the  i)ast  few  years  the  sanje  system  has  been  employed  in 
Missouri,  Vii'ginia  and  possibly  othei*  states.  It  involves  the  confine- 
ment of  unmated,  "semi-cbnnesticated,''  game  farm  females  in  open 
j)ens  located  in  remote  sections  of  the  State's  best  turkey  i-ange.  The 
wild   toms  in   the  vicinitv   flv   into   the  encl(>sures   and   mate   with   the 
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captive  hens.  Then,  as  fast  as  laid,  the  eggs  are  collected  and  taken 
to  the  Turkey  Fai-m  for  incubation.  The  })oidts  hatched  from  them 
are  pro])agated  in  the  same  general  mannei-  as  the  I'egular  farm  stock 
ai'ising  frcnn  the  mating  of  fai'm-i-eared  males  and  females.     Full  de- 


tails of  this  j)rogram  have  been  described  by  1^'luke  (1),  Luttringer 
(4)  and  AVessell  (7). 

Once  under  way,  it  was  obvious  to  those  persons  connected  with  the 
newly  undertaken  program  that  the  birds  produced  from  the  wild- 
mating  areas  were  far  superior  to  the  straight  game  farm  individuals 
in  that  they  appeared  to  possess  the  factor  of  "wildness"  to  a  far 
greater  degree  than  did  the  latter. 

The  differences  in  the  degi'ce  of  wildness  exiiibited  by  the  two  classes 
of  birds  were  readilv  observed  slnu'tlv  after  hatching  from  the  ('iXiX. 
When  one  j)lace(l  a  hand  in  an  incubator  tray  containing  ten-t(>-twelve- 
liour-old  poults  from  the  wild-mating  areas  and  then  shortly  thereafter 


placed  it  in  another  section  tilled  with  game  farm  birds  of  the  same 
age.  hatclu'd  under  identical  conditiojis.  a  slight  but  very  definite  dif- 
ference in  the  reactions  of  the  two  groups  was  noted.  The  mating  area 
birds  showed  a  tendency  to  pull  away  from  tlie  hand  as  if  afraid  of  it, 
while  the  game  farm  individuals  ai)i)eared  completely  unaware  of  its 
j)resence.  When  the  poults  were  removed  from  the  incubator  and 
placed  in  carrying  boxes  ready  for  transjiortation  to  the  bi'ooder  house. 
similar  reactive  dii'ferences  were  noted.  The  mating  area  peeps  tended 
to  duck  and   shv  awav  from  rapid  nn)V(Muents   made   bv   the   human 

a  «  I  a 

liandlers,  while  the  game  farm  group  evidenced  little  (tr  no  reaction 
lo  them.  The  same  results  were  (d)tained  when  a  slight  sound  was  ))ro- 
duce<l  bv  sci'atching  on  th<'  extei'ior  sui'face  (d'  the  containers.  AVIien 
l)ii'(ls  {){'  each   cdass  were   placed   (Ui   a   table  and    induced   to   walk,   ihe 
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INTENTIONAL  SECOND  EXPOSURE 


movements  of  the  area  poults  were  found  to  be  more  rapid,  more  precise 
and  far  better  coordinated  than  those  of  the  farm  group.  Finally,  a 
close  examination  of  the  eyes  of  members  of  both  classifications  re- 
vealed tlie  fact  that  those  of  the  area  peeps  appeared  more  "alert"  than 
tliose  of  the  farm  poults. 

All  these  differences  were  very  slight,  but  highly  significant  bcause 
they  seemed  clearly  to  indicate  that  if  future  turkey  management 
practices  are  to  prove  successful,  particularly  insofar  as  restocking  is 
concerned,  we  must  gain  some  insight  into  the  oft-repeated  question, 
*'\Viiat  makes  the  wild  turkey  wild?" 

In  this  respect  the  writer  was  quite  fortunate  in  having  an  oppor- 
tunity to  discuss  the  observations  outlined  above  with  Professor  H.  M. 
Wiglit  of  the  School  of  Forestry  and  Conservation  of  the  University  of 
Michigan,  who  was  employed  as  a  consultant  during  the  summer  of 
1936  by  the  Pennsvlvania  Game  Commission.  He  outlined  a  means 
whereby  the  differences  under  consideration  could  be  accurately  deter- 
mined and  measured. 

The  discussion  led  to  the  undertaking  and  completion  during  1937 
of  a  cooperative  turkey  research  project  sponsored  by  the  Pennsyl- 
vania Game  Commission  and  the  School  of  Forestry  and  Conservation 
of  the  University  of  Michigan.  The  Zoology  Department  of  the  Uni- 
versity, as  well  as  other  persons  mentioned  elsewhere  in  this  publica- 
tion, rendered  valuable  assistance  in  the  work.  The  aim  of  the  study 
was  to  determine  the  exact  differences  between  birds  of  the  game  farm 
and  wild-mating  area  classifications. 

In  the  following  paragraphs,  the  writer  will  attempt  in  a  brief,  non- 
technical manner  to  outline  the  results  of  the  studies  completed  and 
to  point  out  how  they  may  be  practically  applied  in  Pennsylvania's 
wild  turkey  management  program.  Elsewhere  in  this  bulletin,  Wil- 
liam H.  Long,  graduate  student  at  the  University  of  Michigan,  will 
render  in  technical  form  a  complete  report  on  the  investigations. 

It  is  hoped  that  the  material  presented  may  show  the  sportsman 
how  the  results  obtained  from  detailed  scientific  investigation  may 
be  gainfully  employed  in  practical  game  management  and  may  point 
out  to  the  game  technician  certain  basic  research  methods  to  which  he 
may  advantageously  resort. 

In  attempting  to  determine  the  inherent  differences  common  to  the 
mating  area  poults  as  compared  to  the  game  farm  birds,  it  has  been 
necessary  to  make  a  comparative  study  of  the  functioning  of  the 
various  organs  of  the  bodies  of  the  two  groups  of  birds.  In  technical 
terms,  the  investigations  may  be  said  to  have  been  principally  of  a 
physiological  nature. 

The   Esgs 

To  establish  a  basis  for  the  research,  it  was  deemed  advisable  to 
make  a  comparative  study  of  the  two  groups  of  eggs.  First,  their 
parental  source  was  considered.  It  was  known  that  all  the  eggs  were 
of  the   same  derivation  as  far  as   female   parentage   was   concerned, 


because  they  were  produced  in  the  bodies  of,  and  laid  by,  game  farm 
hens.  All  hereditary  differences,  therefore,  could  largely  be  attributed 
to  the  male  parents.  The  game  farm  poults,  which  for  simplicity  will 
hereafter  be  referred  to  as  the  "GF"  birds,  represented  the  tenth  gen- 
eration of  game  farm  hens  mated  with  game  farm  toms.  The  wild- 
mating  area  poults,  which  will  later  be  referred  to  simply  as  the  "WM" 
stock,  were  the  offspring  of  game  farm  females  crossed  with  wild  males. 

In  general  appearance  the  two  groups  of  eggs  were  quite  similar, 
being  a  dull  buff'  flecked  with  brown.  Wide  individual  variations  were 
noted  in  both  groups  and  it  was  impossible  to  separate  the  two  classi- 
cations  on  the  basis  of  color  and  markings. 

In  size  also  the  two  egg  groups  were  found  to  be  very  similar,  though 
the  "WM"  class  averaged  slightly  smaller  than  the  "GF"  specimens. 
Since  Marble  and  Margolf  (5)  found  that  during  the  second  year  of 
life,  domestic  turkey  hens  laid  on  the  average  slightly  larger  eggs 
than  those  they  produced  in  their  first  season,  and  since  the  hens 
placed  in  the  mating  areas  were  for  the  most  part  one-year-old  birds 
selected  for  their  small  size,  slim  body  lines  and  other  external  char- 
acteristics of  wild  birds,  while  many  of  the  game  farm  birds  were  over 
one  year  in  age,  the  dift'erence  is  readily  accounted  for  and  might  well 
be  expected.  Based  on  the  weight  of  100  specimens  from  eacli  group, 
recorded  from  three  to  five  days  after  laying  and  kept  at  temperatures 
ranging  from  seventy  to  eighty  degrees  Fahrenheit,  the  average  weight 
of  one  "WM"  ^gg  was  found  to  be  .141  pounds  while  that  of  one 
"GF"  e<y^  was  .146  pounds.  In  this  respect  it  is  interesting  to  note 
that  Marble  and  Margolf  (5)  found  the  average  weight  of  eggs 
produced  by  pullet  and  yearling  turkeys  of  two  domestic  strains  was 
.196  and  .207  pounds,  respectively. 

Having  found  that  in  external  characteristics  the  two  Qg^  classes 
showed  no  significant  differences,  the  next  logical  procedure  was  to 
analyze  chemically  their  content,  because  it  was  from  those  substances 
within  the  q^^  that  the  embrj^os  would  have  to  be  developed  and  fed 
during  the  period  of  incubation.  The  contents  of  five  eggs  (not  in- 
cluding the  shell)  from  each  class  were  analyzed.  In  the  case  of  the 
"WM"  group,  one  was  taken  from  each  of  five  different  mating  areas. 
The  results  are  listed  below  :* 


SuhHtauccs                    'Mn/"  Eggs  "GF"  Eggs 

Water     72.18%  74.53% 

Protein     13.42%  12.55%, 

Fat     11.81%  10.47%, 

Carbohydrates 1.64%  1.539o 

Ash      95%,  .92%, 

Phosphorus     25%  .23% 

Calcium     11%  .06%, 

(Eggs  kept  at  room  temperatures  of  from  65°  to  85°  Falirenheit  until 
analyzed  seven  days  after  laying.) 

*  Analysis   through   the   courtesy   of    Pennsylvania   Department   of   Agriculture,    Bureau   of 
Foods  and  Chemistry. 
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In  this  case  aga'm,  tlie  fij^ures  indicate  that  tlie  two  egg  classes  were 
quite  similar.  It  is,  liowever,  interesting  to  note  that  with  the  excep- 
tion of  water,  the  percentages  of  the  various  substances  listed  are 
greater  in  the  "WM"  tlian  in  the  "GP"  eggs,  but  that  the  percentage 
of  difference  is  in  each  instance  relatively  small.  In  fact,  except  as 
related  to  calcium  content,  it  is  quite  probable  that  the  variations 
are  of  no  appreciable  importance. 

Because  calcium,  though  usually  present  only  in  comparatively  small 
amounts,  plays  a  most  essential  part  in  the  life  processes  of  all  forms 
of  living  animals,  the  dift'erence  in  the  relative  amounts  of  the  element 
found  in  the  two  e^^  groups  appears  worthy  of  consideration. 

First  of  all,  the  ultimate  origin  of  the  dift'erence  is  puzzling.  Calcium 
was  available  to  the  turkeys  both  at  the  Game  Farm  and  in  the  mating 
areas  from  two  different  sources,  one  primarily  artificial,  the  other 
natural.  Both  groujis  of  birds  were  constantly  furnished  with  cracked 
oyster  shells  designed  to  supply  the  element  through  artificial  means. 
Also,  the  Turkey  Farm  and  the  mating  areas  aff'ord  natural  supplies 
of  the  mineral  in  a  common  rock  formation,  soil,  flora,  fauna  and  water 
supply.  Why  the  two  types  of  eggs  produced  by  hens  of  the  same 
ancestry,  held  under  much  the  same  conditions,  offered  identical  arti- 
ficial foods  and  allowed  a  similar  range,  should  diff'er  in  this  respect 
is  unknown.  Possibly  the  egg  samjde  taken  was  so  small  that  the 
difference  was  brought  about  by  an  unusual  distribution  of  individual 
variations. 

At  any  rate,  the  dift'erence  did  exist  and  because  of  the  element's 
extreme  importance  in  the  scheme  of  animal  life,  further  more  detailed 
investigations  might  wisely  and  profitably  be  undertaken  at  some 
later  date. 

Since  both  varieties  of  eggs  were  incubated  in  the  same  machine 
under  identical  conditions  of  heat,  humidity  and  light,  we  need  not  be 
concerned  with  the  incubation  process  and  may  proceed  with  a  com- 
parative study  of  the  stock  produced  from  the  two  egg  classes. 


The  Newly  Hatched  Poults 


In  general  appearance,  all  the  newly  hatched  poults  of  both  types 
were  practically  identical,  except  for  the  fact  that  there  was  wide 
individual  color  variation  exhibited  in  both  groups.  There  was  also 
a  slight  dift'erence  in  the  average  size  of  the  individuals  composing  the 
two  classes,  but  this  may  readily  be  attributed  to  the  dift'erence  in 
egg  size  already  discussed.  P>ased  on  the  total  weight  of  100  indi- 
viduals from  each  group  twenty  hours  of  age,  the  average  weight  of 
one  "WM"  poult  was  found  to  be  .118  pounds,  while  Ihe  same  figure 
for  the  "GF"  birds  was  .IK).  Again,  it  may  be  of  interest  to  compare 
these  figures  with  those  of  domestic  turkeys,  which  in  the  White 
Holland  variety,  Funk  and  Margolf  (2)  found  to  be  .12  ])()unds. 

As  far  as  heredity  is  concerned,  it  has  been  pointed  out  that  both 
groups  of  poults  possessed  identical  ancestry  on  the  female  side  and 


that  the  essential  difference  lay  in  the  paternal  background.  The 
"WM"  peeps  were  the  offspring  of  wild  toms,  while  the  "GF"  indi- 
viduals were  produced  by  "half-wild,"  game  farm  gobblers.  Thus, 
since  the  male  parents  differed  not  primarily  in  appearance,  but  in 
their  actions  and  reactions,  any  inherent  differences  in  their  offspring 
might  be  expectd  to  be  found  in  those  same  characteristics.  Certain  of 
them  were  noted  in  the  comparative  actions  and  reactions  of  the  two 
groups  of  newly  hatched  poults  described  earlier,  that  is,  in  their  reac- 
tions to  a  hand  placed  in  the  incubator,  to  quick  movements,  to  noises, 

etc. 

In  view  of  these  facts,  it  would  appear  logical  to  study  on  a  com- 
parative basis  the  functioning  of  the  body  organs,  the  natural  reactions 
and  the  general  behaviour  of  the  two  class  types,  because  they  appear 
to  be  representative  of  the  primary  dilit'erences  between  true  wild 
turkeys  and  "half-wild"  birds  exhibiting  the  same  outward  appearance. 

Seeking  along  these  lines  to  discover  significant  internal  variations 
which  might  account  for  the  dift'erences  between  the  wild  and  the  "half 
wild"  birds,  certain  comx)arative  tests  were  made  when  the  poults  were 
very  young. 

First  of  all,  the  body  temperatures  of  the  two  groups  of  turkeys  were 
taken.  When  removed  from  the  incubator  trays  at  an  average  age  of 
approximately  twelve  hours,  there  was  found  to  be  a  significant  difference 
in  the  readings.  Both  bird  groups  had  been  subjected  to  hatching  and 
drying  temperatures  of  103  degrees  P'ahrenheit  (39.4  degrees 
Centigrade),  but  held  in  the  hand  at  a  room  temperature  of 
83  to  85  degrees  Fahrenheit,  the  average  body  temperature,  as 
recorded  by  a  standardized  clinical  thermometer  inserted  in  the 
mouth  and  tlien  down  into  the  gizzard,  was  found  to  be  102.5 
degrees  Fahrenheit  (39.2  degrees  Centigrade)  in  the  case  of  the 
"WM"  poults  as  compared  to  102.3  degrees  Fahrenheit  (39.1  de- 
grees Centigrade)  in  the  case  of  the  "GF"  individuals.  This  aver- 
age was  obtained  from  twenty  readings  in  each  group  of  birds, 
ten  of  which  were  taken  from  one  hatch  and  a  like  number  from 
a  second  which  occurred  several  da.vs  later.  Very  slight  indi- 
vidual temperature  dift'erences  were  noted,  but  the  lowest  record  from 
the  "WM"  group  was  above  the  highest  reading  obtained  from  the 
"GF"  classification. 

Also  at  an  average  age  of  approximately  twelve  hours,  a  measurement 
of  the  respiratory  rate  was  taken.  This  was  done  by  holding  the  poults 
in  the  hand  and  counting  the  respiratory  movements.  The  average  body 
temperature  of  the  two  bird  groups  was  as  given  above,  while  the  room 
temperature  approximated  eighty-eight  degrees  Fahrenheit. 

It  is  well  realized  that  the  count  obtained  was  that  of  birds  in  a 
highly  abnormal  nervous  condition  and  that  certain  movements  other 
than  those  of  a  respiratory  Udure  may  have  been  inadvertently  in- 
cluded in  the  records.  The  extent  of  error  last  mentioned  probably 
was,  however,  quite  small  and  fairly  constant  throughout  both  groups 
and  so  the  figures  obtained  are  presented  because  they  are  felt  to  be 
both  of  interest  and  significance. 


The  table  below  clearly  indieates  that  under  similar  conditions  the 
averajye  respiratory  rate  of  the  two  fjfroups  of  birds  varied  appreciably, 
the  "WM"  individuals  showin<2^  more  rapid  breathino^.  Also,  the  fi<2fures 
show  that  the  two  recorded  extremes,  both  maximum  and  minimum, 
were  hi<?her  in  the  "\VM"  individuals  than  in  the  ''GP"  peeps.  Possibly 
the  most  interestinfr  point,  however,  is  that  there  is  an  apparent  varia- 
tion between  groups  of  birds  taken  from  different  mating:  areas. 

TABLE  I 

Respiratory  Counts 
(See  text  for  details  of  procedure) 


Counts 


Number  of  Poults 

Highest    Record    Per 
Minute    

Lowest     Record     Per 
Minute    

Average  Per  Minute... 


'GF"  Birds 


59 


78 


44 


68.6 


"WM"    Hinis 


For  3  Areas 


57 


106 


54 
74.0 


Area  No.  1      Area  No.  6     Area  No.  2 


1^ 


84 


20 


18 


10(1 


106 


54 


56 


58 


68.4 


76.2 


81.1 


The  writer  is  inclined  to  wonder  if  the  diff'erence  may  not  be  propor- 
tional to  the  *'wildness"  of  the  various  toms  which  mated  with  the  hens 
in  the  several  areas.  For  example,  the  g:obbler  which  frequented  Area 
No.  2  was  exceptionally  wary  and  seldom  was  seen.  On  the  other  hand, 
it  is  believed  that  the  male  which  bred  the  females  in  Area  No.  1 
quite  probably  was  a  game  farm  bird  released  the  year  before.  Thus, 
it  is  interesting  to  note  carefully  the  respiratory  figures  for  poults  from 
Areas  Nos.  1  and  2  and  to  compare  the  former  with  the  records  of  the 
*'GF"  group.  By  so  doing,  it  will  be  found  that  the  average  figure  for 
the  "OF"  poults*  is  approximately  the  same  as  for  the  individuals  from 
Area  No.  1,  though  the  latter  show  higher  extremes  both  maximum  and 
minimum. 

Body  temperature  and  respiratory  records  such  as  those  just  dis- 
cussed are  of  importance  because  they  give  some  indication  of  the 
"internal  condition"  of  any  living  animal.  For  example,  during  illness 
a  constant  check  is  made  both  of  the  body  temperature  and  the  pulse, 
or  heart  beat,  which  is  closely  allied  to  the  rate  of  respiration.  This 
is  done  because  in  them  are  refiected  many  internal  conditions  which 
could  not  otherwise  be  determined. 

In  all  normal  living  animals  there  is  constantly  going  on  within  the 
body  a  "building  up"  process  known  as  anabolism  and  a  "tearing  down" 
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process  referred  to  as  katabolism.  The  two  are  collectively  termed 
metabolism,  and  in  mature  individuals  they  are  more  or  less  in  a  state 
of  equilibrium,  or  balance.  Though  in  a  state  of  balance,  the  sum 
total  of  the  two  metabolic  processes  in  one  given  animal  may  be  far 
greater  than  the  sum  of  the  same  two  factors  in  another  individual. 
For  example,  one  animal  may  "build  up"  and  "tear  down"  during  a 
given  period  of  time  a  total  of  ten  units,  but  during  the  same  period 
a  second  specimen  may  "build  up"  and  "tear  down"  a  total  of  fifty 
similar  units.  Assuming  that  a  state  of  balance  was  maintained  within 
the  two  bodies,  the  second  would,  therefore,  be  said  to  show  a  higher 
rate  of  metabolism  than  the  first. 

The  differences  noted  in  the  temperature  and  respiratory  rate  of  the 
two  classes  of  turkey  poults  may  possibly  indicate  that  the  "WM" 
birds  have  at  the  time  of  hatching  a  higher  rate  of  metabolism  than 
the  "GF"  individuals.  This  is  of  importance  because,  generally  speak- 
ing, those  animals  showing  the  highest  metabolic  rates  are  the  ones 
which  are  most  active  and  show  the  greatest  reaction  to  external 
stimuli  of  various  sorts.  From  the  sporting  and  management  view- 
points, the  most  desirable  turkeys  certainly  are  those  w^hich  are  most 
active,  alert,  and  quick  to  respond  to  any  and  all  danger  signals. 

Since  it  was  desirable  accurately  to  determine  the  rate  of  metabolism 
and  to  measure  the  activity  of  the  two  groups  of  young  turkeys  and 
since  the  necessary  apparatus  was  not  available  at  the  Turkey  Farm, 
limited  numbers  of  birds  were  sent  for  study  purposes  to  the  University 
of  Michigan  at  Ann  Arbor,  Michigan,  a  distance  of  approximately  450 
miles.  Shipment  was  made  by  special  delivery  parcel  post  in  small 
cardboard  containers.    The  time  required  approximated  twenty  hours. 

With  special  equipment,  it  was  possible  in  the  laboratories  at  Ann 
Arbor  to  make  a  large  number  of  physiological  tests  designed  to  meas- 
ure differences  in  the  metabolism  and  muscular  activity  of  turkey 
poults  of  the  "WM"  and  "GF"  classifications.  From  the  practical  view- 
I)oint  of  the  sportsman  and  game  manager,  the  results  obtained  from 
the  tests  are  of  particular  interest  because  many  of  them  can  be  di- 
rectly correlated  with,  and  so  help  to  interpret,  various  observations 
made  in  the  field  and  at  the  Turkey  Farm. 

The  Laboratory  Studies 

The  apparatus  used  to  carry  out  the  metabolism  studies  was  specially 
designed  and  extremely  intricate.  The  determination  of  metabolic 
rates  is  based  on  the  measurement  of  gaseous  exchanges  Avhich  take 
place  within  animal  bodies.  The  results  are  commonly  expressed  in 
calories  of  heat  i)roduced.  The  whole  subject  is  one  which  can  be 
readily  understood  only  by  those  with  detailed  scientific  training  and 
since  the  experiments  conducted  are  fully  discussed  in  the  technical 
report  presented  in  another  section  of  this  bulletin,  suffice  it  to  say  at 
this  point  that  the  "WM"  poults  were  found  to  exhibit  a  higher  rate 
of  metabolism  than  did  the  "GF"  birds. 


Since,  as  already  stated,  those  animals  exhibiting  the  highest  meta- 
bolic rates  are  generally  believed  to  show  the  greatest  activity  as  well 
as  reactions  to  various  external  stimuli,  appreciable  variation  in  the 
amount  and  intensity  of  the  muscular  activity  of  the  two  groups  of 
turkeys  might  be  expected.  Such  differences  were  not  only  found  to 
exist,  but  were  accurately  measured.  Certain  of  them  are  deemed  to 
be  of  unusual  practical  importance  and  for  that  reason  they  will  be 
discussed  at  lengtli. 

The  activity  recording  device  represented  an  inseparable  part  of 
the  metabolism  unit  and  the  majority  of  the  records  were  made  while 
the  birds  were  being  subjected  to  metabolic  tests.  The  principle  em- 
ployed therein  is  comparatively  simple,  but  its  application  requires 
extremely  exacting  api)aratus  construction.  The  equipment  accurately 
measures  both  the  amount  and  intensity  of  muscular  activity,  though 
it  must  be  pointed  out  that  the  activity  is  distinctly  limited  by  the 
size  of  the  cage  in  which  the  specimens  are  confined  as  well  as  by  other 
factors.  Thus,  the  records  obtained  from  the  machine  cannot  be  con- 
sidered the  direct  counterpart  of  the  activity  exhibited  by  the  same 
individuals  under  natural  conditions,  though  a  close  parallel  may  rea- 
sonably be  expected. 

A  simplified  diagram  illustrating  the  methods  used  in  obtaining  the 
activity  records  is  presented  in  Figure  2,  page  11.  The  charts  pro- 
duced by  means  of  the  apparatus  are  technically  known  as  kymograph 
records.  One  of  these.  Kymograph  Record  No.  1,  is  presented  in  Figure 
3,  page  12,  to  show  the  extreme  sensitivity  of  the  instrument.  A  care- 
ful study  of  the  record  will  show  the  accuracy  with  which  very  slight 
muscular  movements,  such  as  that  exhibited  by  a  day-old  poult  in  the 
act  of  "peeping,"  are  recorded. 

To  prove  of  greatest  value,  it  was  necessary  to  conduct  the  metabo- 
lism tests  under  approved,  standardized  methods.  These  provide  that 
the  experimental  animals  must  undergo  a  comparatively  long  period  of 
fasting  immediately  prior  to  testing  and  that  they  must  be  subjected 
to  darkness  during  the  period  of  experimentation.  Since  light  inten- 
sity and  the  presence,  or  absence,  of  food  in  the  digestive  tract  are 
known  to  affect  the  amount  and  intensity  of  animal  activity  and  since 
the  majority,  though  not  all,  of  the  activity  records  herein  discussed 
were  taken  at  the  same  time  the  birds  were  being  metabolically  tested, 
the  possible  effects  of  these  two  factors  must  be  afforded  due  consid- 
eration in  studying  the  records. 

Even  casual  observation  clearly  indicates  that  compared  to  domesti- 
cated varieties,  the  muscular  activity  of  the  "genuine"  wild  turkey 
is  frequent,  well  coordinated  and  intensive.  In  their  native  haunts, 
both  young  and  old  are  almost  constantly  active  during  the  daylight 
hours.  When  frightened,  they  run  through  the  thick  underbrush,  or 
fly  through  the  treetops  and  soar  to  a  distant  hillside  Avith  unusual 
precision  and  almost  unbelievable  celerity.  In  seizing  insects,  berries, 
seeds  and  fruits  with  the  beak,  their  movements  are  exceptionally 
precise  and  there  is  little  or  no  "lost  motion."  Even  in  walking,  they 
appear  "to  move  all  over."    With  each  forward  step,  there  is  a  rapid 
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extension  and  retraction  of  the  head  and  neek  such  as  that  commonly 
portrayed  by  various  mechanical  toys  and  in  animated  motion  i:)ie- 
ture  cartoons.  Outwardly  it  appears  as  if  the  birds'  heads  and  necks 
were  connected  with  their  legs  by  lar<i:e  elastic  bands.  These  same 
characteristics  are  not  commonly  exhibited  bv  barnyard  turkeys,  which 
are  usually  comparatively  inactive,  slow-movinof  and  "dull." 

Differences  of  the  type  just  mentioned  were  noted  in  the  two  ofroups 
of  study  poults  immediately  after  hatching^.  They  were  also  clearly 
demonstrated  in  tlie  activity  records  compiled  during  the  eight-week 
period  of  experimentation.  For  activity,  the  birds  were  tested  on  a 
comparative  basis  in  pairs  and  in  groups  of  four  and  eight,  the  "WM" 
and  "GF"  classifications  being  equally  represented. 
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KYMOGRAPH   RECORD    NO.    1    (PARTIAL) 
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KYMOGRAPH   PECOPD   NO.  2    (PARTIAL) 

COMPARING    THE    MUSCULAR    ACTIVITY    OF  "WM"  TURKEY 

POULT    NO.  32    VITH    THAT    OF  "GF"  POULT    NO.  31    AS 

RECORDED    DURING  _A    METABOLISM    TEST 

LiEGEND     HORIZONTAL.     LINES  =  INACTIUE     PERIODS  —  VERTICAL     LINES 
ACTIVE     PERIODS  NOTE^    BOTH     BIRDS     SIMULTANEOUSLY     TESTED 

UNDER     IDENTICAL     CONDITIONS     PRODUCED     IN     DUAL     APPARATUS. 


riKure  4. 

As  would  naturally  bo  expected,  wide  individual  variation  was  found 
among  specimens  from  each  group.  In  certain  instances,  the  most 
active  of  the  "GF"  poults  was  found  to  produce  "higher"  activity  rec- 
ords than  the  least  active  of  the  "WM"  class.  On  the  other  hand,  the 
least  alert  of  the  "WM"  birds  rated  far  above  the  least  active  "GF" 
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specimens.  This  was  likewise  true  in  the  case  of  the  most  active  indi- 
viduals of  the  two  classifications.  A  comparative  record  of  the  activity 
of  two  "superior"  individuals,  one  from  each  group,  will  be  found  in 
Kymograph  Record  No.  2  presented  in  Figure  4,  page  13. 

Because  of  the  individual  variations  encountered  in  the  experiments, 
it  has  been  necessary  in  drawing  conclusions  either  to  compare  the 
best  with  the  best,  the  mediums  with  mediums,  and  the  least  desirables 
with  least  desirables;  or,  better  still,  to  consider  all  the  records  from 
the  entire  "WM"  group  with  all  the  records  from  the  entire  "GF" 
group.    The  results  of  the  latter  comparison  are  summarized  below. 

TABLE  II 
A  Comparison  of  the  Activity  of  the  Two  Strains  of  Poults 

(Summary) 


Class  Type 

Activity  Record  (Hourly  Basis) 

(All  Ages  from  1%  to  48  days) 

,               mi.        Average            Average 
Average  Total      Number  of        Frequency 
Per  Cent  of            Active            of  Active 
Hour   Spent            Periods             Periods 
in  Activity          p^^  jjo^j.       (!„  seconds) 

Average 
Duration  of 
Single  Active 

Period 
(in  Seconds) 

"GF"  Poults  

1.25%           90.7              39.7 

0.51 

"WM"  Poults 

2.17%          177.2 

20.3 

0.45 

A  detailed  study  of  the  summary  will  readily  show  that  in  many  re- 
spects, the  laboratory  tests  stronglj^  tend  to  substantiate  certain  phases 
of  the  observational  studies.  First  of  all,  the  figures,  wiiich  for  con- 
venience have  been  drawn  up  on  an  hourly  basis,  indicate  that  during 
an  "average"  hour,  the  "WM"  turkey  poults  were  active  2.17  per  cent 
of  the  time,  or  nearly  twice  as  much  as  the  "GF"  individuals,  which 
show  a  similar  percentage  of  only  1.25  per  cent.  These  totals  may 
appear  unusually  low,  but  the  fact  must  be  remembered  that  during 
most  of  the  tests  the  birds  were  subjected  to  total  darkness  designed 
to  keep  activitj'  at  a  minimum  and  that  they  were  in  a  fasting  state, 
having  had  no  food  for  more  than  twenty-four  hours.  Similarly,  the 
"WM"  group  showed  on  the  average  177.2  active  periods  per  hour  as 
compared  to  only  90.7  periods  for  the  "GF"  birds.  Also,  the  "WM" 
stock  showed  much  more  frequent  periods  of  activity  than  did  the 
"GF"  class,  the  respective  figures  on  average  frequency  being  20.3 
and  39.7  seconds.  Furthermore,  the  statistics  would  seem  to  indicate 
higher  powers  of  coordination  were  exhibited  by  the  "WM"  peeps  than 
by  the  "GF"  poults,  because  on  the  average,  the  duration  of  each  active 
period  of  the  former  class  was  shorter  than  that  of  the  latter,  the 
figures  being  0.45  and  0.51  seconds,  respectively. 

Closely  related  to  these  points  is  the  relative  intensity  of  activity 
exhibited  by  the  groups.    No  summary  set  of  statistics  has  been  com- 
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piled  on  this  subject,  but  examination  of  several  of  the  kymograph 
records  will  serve  as  illustrations.  For  example,  in  Kymograph  Kecord 
No.  1  presented  in  Figure  3,  page  12,  the  horizontal  lines  represent 
inactive  and  vertical  lines  active  periods,  as  in  all  other  records.  The 
varying  lengths  of  the  vertical  lines  are,  furthermore,  indicative  of  the 
relative  intensity  of  activity,  the  longer  the  lines,  the  greater  the 
intensity.  This  may  be  clearly  seen  in  the  case  of  the  comparatively 
short  vertical  lines  representing  a  vocal  expression  and  the  much 
longer  vertical  deviations  showing  where  the  bird  turned  around  in 
the  cage,  or  jumped  in  the  air.  Similar  study  of  Kymograph  Kecord 
No.  2,  Figure  4,  page  13,  which  compares  the  muscular  activity  of 
"WM"  poult  number  32  with  that  of  "GF"  poult  number  31,  will 
plainly  show  that  the  vertical  lines  recorded  by  the  former  individual 
average  appreciably  longer  than  those  produced  by  the  latter.  Similar 
differences  may  be  observed  in  Kymograph  Record  No.  3,  Figure  5, 
page  16.  Thus,  the  records  demonstrate  that,  generally  speaking,  the 
intensity  of  activity  is  greater  in  the  "WM"  than  in  the  "GF"  birds. 

The  extreme  wariness  of  the  "genuine"  wild  turkey  is  one  of  his 
most  desirable  sporting  qualities.  Birds  which  do  not  possess  it  to 
the  highest  degree  are  proportionally  less  desirable.  One  particular 
test  clearly  demonstrates  the  superiority  of  the  "WM"  poults  over 
the  "GF"  birds  in  this  respect. 

When  five  days  old,  the  activity  of  four  "WM"  turkeys  was  com- 
pared to  that  of  four  "GF"  birds,  both  in  darkness  and  in  light.  The 
results  obtained  from  the  test  are  presented  in  Kymograph  Record  No. 
3,  Figure  5,  page  16.  Study  of  this  chart  will  reveal  the  fact  that  in 
the  light  the  "WM"  birds  were  somewhat  more  active  than  the  "GF" 
individuals,  but  that  in  the  dark  they  were  many  times  more  so.  In 
fact,  under  the  latter  conditions,  the  activity  of  the  "GF"  group  was 
almost  entirely  eliminated.  For  more  detailed  comparison,  the  results 
of  this  test  are  summarized  in  the  table  below. 

TABLE  III 
Comparative  Effects  op  Light  on  the  Two  Strains  of  Poults 


Class  Type 

Activity  Record  (Hourly  Basis) 

1 

(All   Birds   .')   Days   Old) 

Average  Total 
Per  Cent  of          Average  Number 
Hour  Spent            ««  Active  Periods 
in  Activity                   P"   Hour 

Average  Frequency 

of  Active  Periods 

(in  Seconds) 

(In   Light) 

4  "WM"  Poults 

(In  Light)                   (In  Light) 

15.59'^                   1110 

(In  Light) 

4  "GF"  Poults  

l.S'^^c                    414                        8.7           1 

(In    Dark) 

4  "WM"  Poults 

(In  Dark)                    (In  Dark) 
8.9%          '                676 

1.0%                    38 

(In  Dark) 
5.3 

94.7 

4  "GF"  Poults  
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KYMOGRAPH    RECORD    NO.  3     (PARTIAL) 

COMPARING    THE    RECORDED    MUSCULAR    ACTIVITY 

OP    4    "WM"  TURKEY    POULTS   WITH    THAT    OP    4 

"GP"  POULTS    BOTH    IN  JJGHT    AND    IN    DARKNESS 

legend:   horizontal    lines  =  inactiv/e    periods 

l/ertical    lines  -  actiue    perfo  ds.  -  note  :    both 

groups    op    birds    tested    under    identical 

conditions. 


Figure  5. 
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This  test  becomes  even  more  interesting  when  associated  with  certain 
observations  recorded  during  the  course  of  related  field  studies. 

At  an  approximate  age  of  sixteen  weeks,  a  number  of  birds  of  both 
the  "WM"  and  "GP"  types  were  released  for  restocking  purposes. 
In  crating  and  shipment  from  the  farm  all  the  birds  were  subjected  to 
identical  treatment,  but  when  the  crates  were  opened  to  allow  the  birds 
their  freedom,  it  was  found  that  almost  without  exception  the  "WM" 
birds  flew,  while  the  "GF"  birds  merely  ran  or  walked  from  the 
containers. 

Furthermore,  after  release  a  careful  check  was  made  upon  the  activi- 
ties of  the  planted  birds.  In  the  case  of  the  "GF"  stock,  it  was  fre- 
quently found  that  the  observer  could  watch  the  birds  go  to  roost. 
Then,  if  due  care  were  exercised,  it  was  possible  after  dark  to  walk 
directly  under  the  roosting  birds  without  frightening  them  from  the 
tree.  In  the  case  of  the  "WM"  specimens,  however,  it  was  never  pos- 
sible to  walk  under  the  roost  without  "disturbing"  the  birds  to  such 
an  extent  that  they  flew  in  all  directions  from  the  tree. 

Certainly  this  case  shows  the  value  of  the  laboratory  tests  inasmuch 
as  the  dift'erence  in  question  may  be  indicative  of  a  survival  factor  of 
major  importance.  For  example,  particularly  during  that  period  spent 
in  nesting  on  the  ground,  the  wild  turkey  is  subject  to  various  preda- 
tory attacks  and  it  may  be  that  individuals  of  the  "WM"  strain  would 
prove  much  less  vulnerable  to  such  assaults  than  would  the  "GF"  birds. 

In  concluding  the  discussion  of  the  results  obtained  from  the  labora- 
tory tests,  it  may  be  well  to  add  that,  as  pointed  out  in  the  technical 
report,  those  metabolism  studies  which  involved  unusually  long  periods 
wherein  all  food  was  withheld  from  the  birds  and  they  were  subjected 
to  varj'ing  temperatures  appear  to  indicate  that  the  "WM"  birds  are 
better  able  to  withstand  "hardships,"  such  as  lack  of  food,  low  tem- 
peratures and  other  adverse  factors  with  which  they  might  have  to 
contend  in  the  wild,  than  are  the  "GF"  birds. 

Aside  from  the  physiological  tests,  there  is  still  another  point  which 
would  seem  to  strengthen  the  belief  that  the  "WM"  birds  possess  the 
inherent  tendencies  of  "wildness"  to  a  greater  degree  than  do  the 
"GF"  individuals.  This  is  the  comparative  rearing  record  for  the 
two  groups. 

In  attempting  to  raise  naturally  wild  birds  and  mammals  in  cap- 
tivity, the  normal  expectancy  is  that  the  wilder  the  individuals,  the 
greater  will  be  the  propagating  losses.  Thus,  it  is  interesting  to  note 
that  during  the  season  of  1937  a  total  of  1,787  "WM"  and  1,647  "GF" 
poults  were  successfully  hatched  in  the  incubators  and  sent  apparently 
in  the  best  of  condition  to  the  brooders.  I^>oth  groups  of  birds  were 
propagated  by  mechanical  means  under  identical  conditions,  but  up  to 
the  time  of  release  at  an  approximate  age  of  sixteen  weeks,  tlie  losses 
among  the  "WM"  class  totalled  ap|)r()xiniately  thirtj'-eight  per  cent 
as  compared  to  only  twelve  per  cent  in  the  "GF"  type. 

In  the  foregoing  paragraphs,  the  writer  has  attempted  to  show  that 
a  strain  of  wild  turkey  poults  arising  from  the  crossing  of  "semi- 
domesticated,"    captive-reared    females    with    wild   males    (herein    re- 
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Figure  6.     Wild   turiieys  at  a  winter   feeding  station. 


f erred  to  as  the  "\VM"  group)  possessed  to  a  greater  degree  those 
characteristics  commonly  recognized  as  "wildness"  than  did  a  second 
strain  of  birds  derived  from  tlie  mating  of  similar  "semi-domesticated," 
captive-reared  females  with  males  of  the  same  sort  (the  so-called  *'GF" 
birds). 

Granting  that  the  differences  discussed  do  exist,  it  is  the  duty  of 
the  game  manager  to  gain  all  possible  knowledge  of  the  subject  and 
to  put  it  to  practical  use  in  his  turkey  management  activities. 

Practical  Application 

During  recent  years,  those  persons  raising  strains  of  turkeys  of  wild 
ancestry  for  restocking  purposes  have  for  the  most  part  been  inclined 
to  concern  themselves  principally  with  the  general  appearance  of  the 
stock  produced,  rather  tlian  with  its  'Svildness."  It  is  quite  likely  that 
this  attitude  has  been  assumed  chiefly  because  the  majority  of  propaga- 
tors not  only  did  not  know  how  to  increase  the  degree  of  "wildness"  in 
their  flocks,  but  also  were  not  in  position  to  do  so  even  had  they  hac] 
knowledge  of  the  proper  procedure. 

By  all  means,  strenuous  efforts  should  be  made  to  have  artifically 
propagated  strains  of  wild  turkeys  conform  in  appearance  to  what  may 
be  considered  the  ''standard  native  type."  These  activities  should,  how- 
ever, not  be  emphasized  above  certain  other  phases  of  the  work,  par- 
ticularly the  further  development  of  true  wild  traits,  because  the  sports- 
man is  far  more  concerned  with  the  ''sporting  characteristics"  of  his 
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quarry  than  with  the  minute  details  of  its  appearance.  He  much  prefers 
to  kill  a  wary  turkey,  w^hich  has  taxed  his  stalking,  or  calling,  ability  to 
the  limit  and  which  according  to  standards  may  be  slightly  "off  color," 
than  to  "walk  up  and  slaughter"  a  "tame"  bird  of  perfect  trophy 
appearance. 

In  the  production  of  turkeys  for  restocking  purposes,  therefore,  the 
problem  is  to  release  "wild"  birds  which  will  remain  in  the  wilderness 
areas,  reproduce  the  maximum  possible  numbers  of  their  own  kind, 
and  provide  true  sport  for  the  gunners.  Thus,  the  propagator  should 
strive  both  for  desirable  "trophy  appearance"  and  for  that  even  more 
important  sporting  quality  termed  "wildness."  With  respect  to  the 
latter,  the  fact  must  be  realized  that  in  turkeys  "wildness"  is  not  only 
the  result  of  parental  education,  association  with  other  individuals, 
and  reactions  to  environmental  stimuli,  but  also  of  hereditary  factors. 
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ferred  to  as  tlie  ''WM"  ji'i-ouj))  possessed  to  n  «>T<'at('r  dofrroo  those 
eliaraeteristies  eoininoidy  reeoo-nized  as  "wildiiess"  tliaii  did  a  second 
strain  of  birds  derived  froni  the  iMa1in«z'  of  siinihti-  "semi-doniestieated," 
eajitive-reai'ed  females  with  mah's  (»f  the  same  s(»rt  (tlie  so-ealh'd  "(JF'' 
bii-ds). 

(Jraiitlii<»-  that  tlio  ditferenees  diseiissed  do  exist,  it  is  the  duty  of 
the  <>-aine  mana«»-er  to  <>-aiii  all  ])ossil)le  knowled^'e  of  the  suhjeet'and 
to  put  it  to  i)raetieal  use  in  his  turkey  maiuj^'eiiuMit  aetiviti<'s. 

Practical  Application 

Dui'iii^''  recent  years,  those  persons  raisinjr  sti-ains  of  tui-kcys  of  ^vild 
ancestry  for  restoekinji-  ])uri)()ses  have  for  the  most  pai't  been  inclined 
to  concern  themselves  j)rineipally  with  the  «»'enei'al  ap|)eai'ance  of  the 
stock  produced.  I'atliei-  than  with  its  "wildness. "  It  is  (piite  likely  that 
this  attitu(h'  has  been  assunu'd  chiefly  because  the  majority  of  pi-opai-a- 
toi's  not  oidy  did  not  know  how  to  increase  the  (le«'ree  of  "wildness"  in 
theii-  tlocks,  but  also  were  not  in  position  to  do  so  even  had  they  ha(| 
knowledji'e  of  the  ))roiier  ])r()cedui-e. 

liy  all  means,  strenuous  efforts  should  be  made  to  have  artitically 
proj)a,i2ated  sti-ains  of  wild  turkeys  confoi-m  in  apj^earance  to  what  nuiy 
be  considered  the  "standard  native  type."  These  activities  should,  liow- 
eyer,  not  be  <Mnj)liasized  above  cei'tain  othei-  phases  of  the  work,  par- 
ticularly the  furthei-  development  (jf  true  wild  traits,  because  the  sports- 
man  is  far  more  concerned  with  the  "s[)()rtin«i-  chai'acteristics"  (d'  his 
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(piai'ry  than  with  the  minute  details  of  its  a])pearance.  ITc  nnicli  prefers 
to  kill  a  wary  turkey,  which  has  taxed  his  stalkin«i',  or  callinji',  ability  to 
the  limit  and  which  accor(lin<r  to  standards  may  be  sli«»-htly  "olf  color," 
than  to  "walk  up  and  slau<rhter"  a  "tame"  bird  of  perfect  troi)hy 
appearance. 

In  the  production  of  turkeys  for  restockin<»'  i)ui'|ioses,  therefore,  the 
j)roblem  is  to  release  "wild"  i)ii'ds  which  will  remain  in  the  wilderness 
areas,  reproduce  the  maximum  possible  numbers  of  their  own  kind, 
aiul  ])rovide  true  sj)ort  for  the  <>'unners.  Thus,  the  j)ropa^'ator  should 
strive  both  for  desirable  "ti'ophy  appearance"  and  for  that  even  more 
important  sporting'  (juality  termed  "wildness."  With  respect  to  the 
latter,  the  fact  must  be  realized  that  in  turkeys  "wildness"  is  not  only 
the  result  of  parental  education,  association  with  other  individuals, 
and  reactions  to  environmental  stimuli,  but  also  of  hereditary  factors. 
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INTENTIONAL  SECOND  EXPOSURE 


PART  II 

THE  HEAT  PRODUCTION  AND  MUSCULAR 
ACTIVITY  OF  TWO  STRAINS  OF  WILD  TURKEYS 

By 
William  H.  Long 


Introduction 

As  described  by  (lerstell  in  the  preeediiio*  section  of  tliis  bulletin,  two 
strains  of  wild  turkey  poults  are  recognized  in  this  study.  Both  par- 
ents of  one  strain  were  <i-ame  farm  bred.  This  pfroup  is  desiofnated  in 
this  paper  by  the  symbol  "GF."  The  female  parents  of  the  second 
strain  were  g-ame  farm  birds  mated  with  wild  toms.  Individuals  re- 
sulting from  this  cross  are  referred  to  as  "WM"  birds. 

Eggs  obtained  from  these  two  series  of  matings  were  mechanically 
incubated.  At  the  time  of  hatching  certain  differences  in  their  reaction 
to  various  stimuli  were  observed  among  the  two  groups  of  poults. 

The  purpose  of  the  studies  herein  reported  has  been  to  measure  and 
evahiate  those  variations  which  may  be  classed  as  physiological  in  origin. 
By  using  specially  designed  equipment,  it  has  been  possible  to  measure 
the  variations  both  quantitatively  and  (pialitatively. 

The  writer  is  greatly  indebted  for  assistance  to  several  members  of 
the  faculty  of  the  University  of  Michigan,  including  particularlv  Dean 
S.  T.  Dana,  Professor  II.  M.  Wight,  Dr.  E.  C.  O'Roke,  Dr.  A.  E.' AVood- 
ward,  and  Dr.  L.  II.  Newburgh ;  to  Dr.  II.  II.  Mitchell  and  Dr.  S.  C. 
Kendeigh,  of  the  University  of  Illinois;  and  to  Dr.  W.  B.  Bell  of  the 
United  States  Bureau  of  Biological  Survey. 


Physiologica!  Data 


A  comparative  study  of  the  physiology  of  two  different  strains  of 
wild  turkey  poults  presents  a  number  of  interesting  problems  which 
heretofore  have  not  been  presented  in  the  science  of  wildlife  manage- 
ment. These  are  of  scientific  as  well  as  of  practical  interest  to  game 
managers  and  research  workers.  This  report,  therefore,  represents  a 
general  comparison  of  the  energy  metabolism  of  two  such  groups  of 
birds. 

For  the  purpose  of  discussion  and  intei-pretation  of  experimental 
results,  the  poults  have  been  classified  into  group  types  and  age  classes 
as  follows : 
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Group  Types 

Game  farm  poults GF 

Wild-mating  area  poults   WM 

Age  Classes 

Class  A  2-3  days  old 

Class  B  5-9  days  old 

Class  C  15-19  days  old 

Class  D  28-36  days  old 

Class  E  44-48  days  old 

The  Embryo.  Gerstell  has  briefly  discussed  the  chemical  analysis 
of  the  eggs  from  which  the  two  strains  of  birds  under  consideration 
were  hatched,  but  further  reference  to  the  matter  seems  at  this  point 
to  be  in  order. 

A  discussion  of  the  physiology  and  chemistry  of  the  embryo  of  differ- 
ent kinds  of  domestic  and  wild  birds  is  given  by  Groebbels  (42,  43). 
Hasselbalch  (46),  Bohr  (23),  and  Bohr  and  Hasselbalch  (24)  investi- 
gated the  carbon  dioxide  production  of  the  incubating  domestic  chick 
and  found  that  carbon  dioxide  production  increased  with  the  weight 
of  the  growing  embryo.  Barott  (4)  measured  the  effect  of  temperature 
on  heat  elimination  and  gaseous  exchange  of  hens'  eggs  and  found  that 
higher  temperatures  resulted  in  greater  metabolism,  more  rapid  de- 
velopment, earlier  hatch,  and  at  100  degrees  Fahrenheit,  chicks  superior 
in  appearance  and  vitality.  Mitchell  and  his  associates  (67)  observed  a 
burst  of  metabolic  activity  at  hatching  time  in  the  domestic  chick.  At 
twenty  days  of  age,  the  embrj'o  produced  29  milligrams  of  carbon 
dioxide,  but  a  chick  just  hatched  produced  during  the  first  day  68 
milligrams  of  carbon  dioxide  per  hour.  Other  investigations  of  em- 
brj'onic  metabolism  are  discussed  by  Needham  (70). 

It  is  evident  that  the  transformation  of  energy  and  the  catabolism 
of  carbohydrate,  fat  and  protein  substances  of  eggs  are  much  better 
understood  than  the  metabolism  of  the  mineral  substances  such  as 
phosphorous,  sulphur,  iron,  and  calcium. 

One  difference  between  the  Area  and  Game  Farm  eggs  which  may  be 
significant  from  a  comparative  point  of  view  is  the  calcium  content, 
this  substance  being  about  50  per  cent  higher  in  the  egg  of  the  area 
turkej's  than  the  farm  birds. 

Calcium  is  one  of  several  inorganic  structural  substances  playing  an 
important  role  in  body  functions.  Among  these  are  the  coagulation  of 
blood,  contractility  of  the  heart,  skeletal  structure,  eggshell  formation, 
and  muscular  contractions. 

The  necessity  for  a  sufficient  amount  of  calcium  and  phosphorous  in 
the  body  of  animals  has  been  pointed  out  by  several  investigators. 
According  to  Newburgh  and  MacKinnon  (71),  the  metabolism  of  cal- 
'ium  and  phosphorous  in  the  body  is  profoundly  influenced  by  the 
action  of  vitamin  D.  Thus,  the  presence  of  this  vitamin  in  the  body 
promotes  normal  growth  of  bones  of  the  skeleton  by  increasing  the 
retention  of  calcium  and  phosphorous. 
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The  need  of  mineral  elements  and  the  role  played  by  calcium  in  the 
nutrition  of  domestic  fowl  is  discussed  by  JuU  (50),  Romanoff  (83), 
and  Buckner,  Martin,  and  Peter  (30),  who  show  the  deleterious  effects 
on  domestic  fowl  when  the  calcium  level  in  the  body  is  below  normal. 

Insko  and  Lyons  (49)  studied  the  influence  of  calcium  and  phos- 
phorous on  the  developing  bronze  turkey  embryo.  Their  data  show  a 
relatively  slow  increase  in  calcium  until  the  seventeenth  day,  when  the 
growth  of  the  embryo  was  more  rapid.  A  second  rapid  increase  in 
calcium  was  also  observed  after  the  twentieth  day. 

Whether  or  not  differences  in  the  amount  of  diurnal  activity  shown 
by  individual  wild  turkey  poults  are  caused  by  or  are  the  result  of 
high  or  low  amounts  of  calcium  in  the  egg  has  not  been  determined. 
Buckner  and  his  associates  (31)  investigated  the  calcium  and  phos- 
phorous content  of  strong  and  weak  chicks  from  hens  with  and  with- 
out calcium  carbonate  in  the  diet.  They  segregated  the  hens  into 
groups  according  to  their  access  to  oyster  shell  and  free  range.  Some 
groups  were  given  shell  and  allowed  greater  freedom  than  other 
groups  that  were  confined  and  not  given  oyster  shell,  or  confined  and 
allowed  oyster  shell. 

The  chicks  resulting  from  the  eggs  produced  by  the  different  groups 
of  hens  were  classified  according  to  their  strength  and  weakness  at 
the  time  of  hatching.  It  was  found  that  the  stronger  and  more  vigor- 
ous chicks  contained  more  calcium  and  were  those  produced  by  hens 
that  had  been  allowed  more  feeding  range  and  more  oyster  shell. 

The  first  observations  indicating  any  dift'erence  in  the  two  strains  of 
poults,  according  to  Gerstell,  were  made  shortly  after  hatching.  These 
observations  apparently  show  that  a  more  marked  reaction  to  environ- 
ment is  manifested  by  the  wild  area  poults. 

Variations  in  muscular  movements  similar  to  those  observed  by 
Gerstell  were  noticed  in  the  poults  after  arrival  at  the  laborator}-.  The 
greatest  degree  of  vigor  was  found  in  individuals  of  the  WM  group, 
which  seemed  to  respond  quicker  and  livelier  to  environmental  stimula- 
tion. These  differences  were  observed  in  such  activities  as  jumping, 
running,  crouching,  fluttering  of  wings,  stretching  of  legs,  "bobbing" 
of  the  head,  picking  and  fluffing  feathers,  scratching,  attempted  flying, 
and  chirping  or  calling. 

This  last  observation  seems  to  agree  fully  with  the  observations  of 
Pliillips  (74)  on  the  wildness  of  young  wild  ducks  hatched  under  hens. 
He  compared  the  common  "English  Mallard"  of  the  English  game  pre- 
serves to  the  wild  mallard  duck  (Anas  bascas)  and  found  that  the 
latter  were  much  quicker  on  their  feet  than  the  common  duck.  He 
also  observed  the  differences  in  the  behavior  of  young  wild  ducks,  the 
offspring  of  dift'erent  cross  breedings,  where  the  common  tame  mallard 
was  mated  to  the  pure  wild  black  duck  (A}ias  trisfis.) 

Cla^s  A  poults:  2-3  days  old.  The  poults  were  about  30  hours  old 
when  they  arrived  at  the  University  of  Michigan  laboratory.  Certain 
individuals   appeared   to   be   in   an   abnormal   physiological    condition 
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possibly  because  of  exposure,  during  shipment,  to  temperatures  lower 
than  normally  provided  for  newly  hatched  birds. 

The  poults  were  weighed  immediately  upon  arrival,  and  it  was  found 
that  each  bird  had  lost  an  average  of  four  grams  in  weight.  Internal 
temperature  readings  were  taken  and  respiration  counts  also  were 
recorded.  The  average  results  given  in  Table  IV  are  based  on  indi- 
vidual five-minute  observations  of  temperature  and  respiration  at  a 
room  temperature  of  72  degrees  Fahrenheit. 

TABLE  IV 
The  Internal  Temperature  and  Respiratory  Rate  of  Class  A  Poults 


Number 
of  Poults 

Type 
Poult 

Average  Internal  Temperatures 

Average  Respiration  Per 
Minute 

30  Hrs.  Old 

54  Hrs.  Old 

78  Hrs.  Old 

1 
.30  Hrs.  Old  54  Hrs.  Old 

78  Hrs.  Old 

°C         °F 

°C         °F 

°C         °F 

16 
8 

GF 
WM 

39.3     102.4 
38.6      101.5 

39.8      103.7 
39.0      102.2 

40.2      104.4             46 
39.7      103.5  '          45 

43 
45 

40 
45 

The  averages  given  in  Table  IV  represent  individual  temperature 
variations  covering  a  relatively  wide  range.  For  example,  one  poult 
had  a  body  temperature  of  38.2  degrees  Centigrade  (100.8  degrees 
Fahrenheit)  and  a  respiration  rate  of  28  per  minute.  This  bird  was 
extremely  weak.  Several  of  the  poults  had  rather  high  temperatures 
which  seemed  to  be  correlated  with  higher  respiration  rates.  Thus,  a 
bird  with  a  respiration  rate  of  70  per  minute  showed  a  body  temper- 
ature of  39.7  degrees  Centigrade  (103.5  degrees  Fahrenheit);  another 
bird  with  a  body  temperature  of  40.2  degrees  Centigrade  (104.4  degrees 
Fahrenheit)  had  a  respiration  rate  of  68.  The  birds  showing  the  high- 
est body  temperature  and  respiration  rates,  with  one  exception,  were 
heavier  in  weight. 

On  the  assumption  that  there  might  be  some  significance  attached  to 
the  variations  in  body  temperature  and  respiration  in  individual  birds, 
they  were  marked  for  future  identification  and  observation. 

Following  the  initial  examinations,  the  poults  were  removed  to  a 
brooding  temperature  of  100  degrees  Fahrenheit  for  several  hours, 
after  which  the  brooder  temperature  was  set  at  96  degrees  Fahrenheit, 
the  temperature  which  was  maintained  throughout  the  early  period  of 
growth  and  also  used  when  the  metabolism  was  measured.  After  the 
ninth  day  the  brooder  and  respiratory  chamber  temperatures  were  re- 
duced to  90  degrees  Fahrenheit. 

Physiological  examinations  were  again  made  on  the  first  and  second 
day  after  arrival.  On  the  second,  a  pronounced  increase  was  observed 
in  the  average  body  temperature.  The  results  of  these  examinations 
are  also  reported  in  Table  IV. 

The  internal  temperature  data  for  poults  12  hours  (Gerstell)  to  three 
days  after  hatching  indicate   a  relatively  low   degree   of  body  heat. 
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These  data  are  in  ajrreemont  w^ith  earlier  observations  made  by  Long: 
on  young  bobwhite,  Huno:arian  partridge,  and  ring-neek  pheasants,  and 
with  those  of  Leichtentritt  (58),  who  concluded  that  newly  hatched 
domestic  chicks  have  an  undeveloped  temperature  control. 

A  study  of  the  heat  production  and  muscular  activity  of  12  game 
farm  poults  and  12  area  poults  was  made  prior  to  their  feeding.  A 
respiratory  quotient  of  0.72  and  a  chamber  temperature  of  35.5  de- 
grees Centigrade  (95.9  degrees  Fahrenheit)  were  assumed  to  be  ex- 
perimentally correct.  This  seemed  permissable  in  view  of  the  re- 
cent studies  of  the  metabolism  of  domestic  chicks  between  10  and 
100  hours  of  age,  made  by  Barott,  Byerly,  and  Pringle  (5).  The 
assumption  seems  also  to  be  substantiated  by  the  results  ])ublished 
by  Bohr  and  Hasselbalch  (24),  who  measured  the  carbon  dioxide 
production  of  domestic  chick  embryos.  A  respiratory  quotient  of 
0.9  was  found  on  the  fifth  day  of  incubation,  and  on  the  ninth  day 
a  quotient  of  0.71  was  observed,  this  quotient  remaining  con- 
stant thereafter.  It  was  believed  the  last  (piotient  indicated  the 
metabolism  of  fat.  Barott  (4),  measuring  the  energy  metabolism 
of  chick  embryos,  obtained  somewhat  similar  results.  He  found  the 
respiratory  quotient  dropped  to  0.60  by  the  ninth  day  of  incubation, 
but  rose  again  to  0.66  by  the  eleventh  day  and  remained  fairly  constant 
during  the  remainder  of  the  incubation  period.  Shaw  (So),  investigat- 
ing digestion  in  the  domestic  chick,  found  glycogen  jiresent  in  the  liver 
on  the  twentieth  dav  of  incubation,  but  absent  24  hours  after  hatching. 


FiKiirc  7.     Wild   turkey  poult   twelve   liourN  after  ImtelilnK. 

24 


The  results  of  the  metabolism  measurements  of  the  young  turkey 
poults  are  given  in  Table  V. 

TABLE  V 
The  Energy  Metabolism  of  Class  A  Poults 

(Prior  to  any  feeding  and  at  35.5°C.  environmental  temperature) 


i 

1 

Nunilior 
and  Type 
of  Poults 

i 

Body 

Teinpera- 

tiire* 

Respira- 
tion* 

Average 

Hody 

Weight 

Average  Daily  Heat 
Production  Per  Poult 

Average  Activity 
Per  Poult  Per  Hour 

Total 

Per  Square 
Meter  of 

Body 
Surface 

Total 

Active 
Periods 

°C 

Per 
Minute 

Grams 

Calories 

Calories 

Per  Cent 

Number 

4   GF  

4    WM    

4    GF   

4    WM    

4    GF   

4    WM    

39.7 
39.2 

45 

42.7 
42.4 
43.4 
43.2 
40.3 
38.2 

6.09 
5.86 
6.46 
5.90 
0.30 
6.15 

498 
482 
523 

479 
olid 
543 

2.7 
1.6 

2.8 
1.8 
3.2 
2.7 

51 

55 

114 

156 
86 
84 

*  Average  for  class. 


In  each  of  six  experiments,  the  metabolism  of  four  poults  of  each 
type  was  measured  under  the  conditions  described.  The  average  heat 
production,  surface  area,  activity  and  body  weight  were  determined 
by  dividing  the  number  of  birds  into  the  collective  data  for  each  item. 
An  examination  of  the  data  in  Table  V  shows  the  differences  in  the 
heat  production  of  the  two  groups  of  poults  obtained  in  multiple  tests 
where  four  area  poults  w^ere  run  against  four  game  farm  poults  at  the 
same  time  in  separate  chambers.  The  average  body  weight  and  body 
temperature  were  approximately  the  same  for  all  poults  of  this  age 
class.  The  differences  in  the  total  heat  production  for  all  experiments 
amounts  to  less  than  one-half  a  calory.  The  heat  production  per  unit 
of  surface  area  is  of  little  comparative  value,  except  that  it  seems  to 
show  a  relatively  low  metabolism  for  poults  of  this  age.  The  differ- 
ences in  the  average  muscular  activity  per  bird  per  hour  amounts  to 
only  0.2  per  cent,  favoring  the  game  farm  birds.  On  the  other  hand, 
the  area  poults  .show  about  9  per  cent  more  active  periods  which 
occurred  more  frequently  but  lasted  a  shorter  period  of  time  than  in 
the  ease  of  the  game  farm  poults.  In  general,  the  observed  average 
activity  throughout  the  experiments  substantiates  in  part  the  visual 
observations,  i.  e.,  individuals  of  the  "WM"  group  apparently  responded 
to  environmental  stimuli  with  quicker  reflex  movements  of  the  body. 

Class  B  poults:  5-9  days  old.  The  poults  were  fed  on  the  third  day 
follow^ing  the  initial  metabolism  tests.  Thus,  metabolism  measure- 
ments on  the  poults  5  to  9  days  old  were  made  only  after  they  had 
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Th('S('  (lata  arc  m  ajirccnicnl  with  cnrlicr  observations  mado  by  liOiijr 
on  yonn<>'  bobwliitc.  Hungarian  i)artri(l<>-('.  and  rin«>-n('fk  pheasants,  ajid 
with  those  of  Leicditenlrill  (^S),  wlio  eomduib'd  that  newly  hatehed 
doniestie  (diieks  have  an  nnih'veloped  teni|)erat  nre  e(»nli-ol. 

A  stndy  (d*  the  heat  j^roduetion  and  mnseulai-  aetivity  of  12  <i'aine 
farm  poults  and  12  area  jxtnlts  was  made  i)rior  t(»  tlieii-  fee(lin«£.  A 
respiratory  (piotient  of  0.72  and  a  eiiamber  t<'m|)erature  of  '-l'^.')  de- 
o'rees  Cent  i«»'i*a<h'  (!).").!)  (h'^'i-ees  Fahreidieit)  were  assumed  to  be  ex- 
j)erimentally  eorreet.  This  seemed  |)ermissabh'  in  view  (d'  the  re- 
eenl  studies  of  the  metalxdism  of  (b»mestie  ehieks  between  10  and 
100  houi's  (d'  a«»'e.  macb'  by  liarott.  liyerly.  and  Prin^le  (.')).  The 
assum|)tion  seems  also  to  be  substantiated  by  the  results  pul)lished 
by  P>ohi-  and  Ilasselbaleh  (24),  who  measured  the  earbon  dioxicb' 
])r(»(luetion  of  domestie  ehiek  embiwos.  A  i'!'si)irat ory  (piotient  of 
0.!l  was  found  on  the  fifth  day  (d"  ineubation.  and  (»n  the  ninth  day 
a  (piotient  of  0.71  was  observed,  this  (juotient  remainin«i'  eon- 
stant  thereaftei'.  It  was  believed  the  last  (piotient  indieated  the 
metabolism  of  fat.  IJarott  (4).  measurin<!'  the  enei-o-y  metabolism 
of  ehiek  embryos,  obtained  somewhat  similar  i-esults.  He  found  tlie 
respiratory  (piotient  dro|)ped  to  O.liO  l)y  the  ninth  day  (d"  ineul)al  ion, 
but  rose  a<i'ain  to  0.()(i  by  the  (d"venth  day  and  remained  fairly  eonstant 
durin<i-  the  I'emaiiub'r  id'  the  ineul)ation  j)eriod.  Shaw  (S.")).  in\-esl  ijial- 
in<>'  (li«»'estion  in  the  domestie  (diiek.  found  u'lyeou'en  presi'ut  in  tlic  liver 
on  the  twentielli  dav  of  iiuMibation,  but  absent  24  houi's  after  hatehin^u'. 
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I'itfiirj-   7.      \\  il«l    turUe.v    |mmiI1    t\v«'lvr    hour*,   al'lrr    liiitihiiiK. 
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INTENTION AL  SECOND  EXPOSURE 


The    results   of   the   metal)olism    measurements   of  the  yoiin^-   turkey 
poults  are  <>-iven  in  Table  \'. 

TAIJLE  V 

TiiK  Iv\i:K(iv  MirrAHOLis.M  of  Class  A   Pori/rs 

(Trior  to  any  fopdinp  aixl   at  rJ5.u"C.   onvironmontal  torn  porn  turo'> 


NllllllnT 

iiml  'I'yin' 
(it   I'oults 


lio.ly 
'I'l'iiUM-rn 
turf 


°C 


Rf.^Iiira 
linn" 


Pit 
Minute 


;  CF 

4  W.M 

1  OF 

1  W.M 

i  (iF 

1  W.M 


:;!>.7 


45 


Avrratri' 

I> 

lily  Heat 

AviTil^'f 

Activity 

I'rtMliM'tioii 

I'er  I'oillt 

Fer  Foult 

]'i'T  Hour 

Avvrinxo 

ho.ly 
Wl■i^'llt 

I'.'r  S<|iiare 
.M.lt  r  of 

.\otive 

Total 

1 

Uody 
Surluee 

Total 

Ferio<is 

(jraius 

( 'a  lories 

Calories 

Per   Cent 

Niiinlier 

42.7 

(i.(l!i 

IM* 

•2.7 

.-1 

4-2.4 

.■>.»(; 

!>•_' 

].(i 

.!•> 

48. 4 

Vi.M'y 

-.2?. 

2.8 

114 

43.2 

:,.nn 

471' 

1.8 

l.-fi 

40.:! 

ti.;;(i 

.');!ii 

."> .  2 

m; 

'■>.'! 

r,.l.-, 

:,\:\ 

•2.7 

S4 

*  Avtra^e    lor  riass. 

In  eaeh  (d*  six  exi)eriments,  tlie  metal)olism  of  four  poults  of  eaeli 
type  was  measured  umbu'  the  eonditions  cb'seribed.  Tlie  avera«»'e  heat 
IH-oduetion,  surfaee  area,  aetivity  and  body  wei^-ht  were  (bdermined 
l)y  dividin*''  the  number  of  birds  into  the  eidleetive  data  for  eaeli  item. 
An  examinati(»n  of  the  data  in  Table  V  shows  tlie  differeiiees  in  the 
heat  prodiietion  of  the  two  <i-roui)s  of  i)oults  obtaiiie(l  in  inultii)le  tests 
where  four  area  i)oiilts  were  run  a«i-ainst  four  ji'ame  farm  i)oiilts  at  the 
same  time  in  separate  ehambers.  The  average  body  weio'ht  and  body 
temi)eratiire  were  approxiniat(dy  the  same  for  all  j^oiilts  of  thi.s  apre 
elass.  The  ditferenees  in  the  total  heat  i)roduetion  for  all  experiments 
amounts  to  less  than  onedialf  a  ealory.  The  heat  prodiietion  per  unit 
of  surfaee  area  is  of  little  eomi)arative  value.  exeei)t  that  it  seems  to 
show  a  r(dativ(dy  low  metalxdism  for  poults  of  this  ajre.  The  differ- 
eiiees in  the  aveVa<»e  iiniseiilar  aetivity  i)er  bird  per  hour  amounts  to 
only  0.2  i)er  eent.  favoring-  the  «ianie  farm  birds.  On  the  other  hand, 
the'  area  i)oults  show  alx.ut  !)  i^er  eent  more  aetive  periods  whitdi 
occurred  more  fre(pienlly  but  lasted  a  shorter  period  of  time  than  in 
the  ease  of  tlie  "-ame  farm  i)oiilts.  In  ji'eneral,  the  ()bserved  avera«i'e 
activitv  throu«>'hout  the  exi^eriments  substantiates  in  ])art  the  visual 
observations,  i."e..  individuals  of  the  "\VM"  «iroiip  ai)i)areiitly  responded 
t(,  environmental  stimuli  with  (piieker  reflex  movements  (d'  the  body. 

Class  B  poults:  5-9  days  old.  The  i)oiilts  were  fed  on  the  third  day 
lollowin^-  the  initial  metabolism  tests.  Thus,  metabolism  measure- 
ments on   the  poults  .')  to  H  days  old  were  made  only  after  they  had 
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fasted  for  at  least  24  hours,  durint?  whieli  time  it  was  believed  that  any 
influence  of  diofestion  on  heat  production  would  be  eliminated.  This 
belief  was  substantiated  by  preliminary  experiments  in  which  the 
approximate  rate  of  the  passa<i:e  of  food  through  the  digestive  tract, 
from  time  of  eating  to  time  of  egestion,  was  determined.  The  results 
of  these  experiments  indicate,  in  general,  that  the  rate  of  food  passage 
decreased  with  age,  length  and  capacity  of  the  gastro-intestinal  tract, 
and  the  type  of  food  eaten.  Thus,  after  the  poults  had  been  without 
food  for  24  hours,  one  would  expect  a  decrease  in  the  amount  of  carbon 
dioxide  produced  and  oxygen  consumed.  However,  changes  in  the 
metabolic  rate  due  to  external  activity  would  still  be  noticeable. 
Whether  or  not  body  temperature  and  muscular  activity  likewise  de- 
crease as  a  result  of  a  24-hour  fast  is  a  i)roblem  for  later  consideration. 
The  data  for  the  experiments  with  Class  B  poults  is  given  in  Table  VI. 


TABLE  VI 
The  Energy  Metabolism  of  Class  B  Poults 

(24  hours  after  feeding  and  at  :i").r)^-C.  environmental  temperature) 


Number 
and  Tyjie 
of  Poults 


Body 
Tempera- 
ture* 


Respira- 
tion* 


°C 


Per 
Minute 


•2  OF   _... 

2  WM    ... 

4  (iV    

4  WM    ... 

1  GF    

1  WM    ... 


40.2 
40.1 


43 

48 


Average 

Body 

Weight 


Average  Daily  Heat  Average  Activity 

Production  Per  Poult        Per  Poult  Per  Hour 


Total 


Per  Square 

Meter  of 

Body 

Surface 


Total 


Active 
Periods 


Grams 


42.3 
44.2 

52.5 
59.5 
58.2 
0:5.3 


Calories 


Calories        Per  Cent       Number 


8 . 2'2 
8.77 
11. 4S 
12.92 
12.12 
13.70 


(177 
702 

819 
850 

807 
8CG 


1.4 
1.3 
0.3 
2.3 
0.5 
0.7 


85 

(  I 

38 

167 

41 

54 


•Average  for  class. 

The  measurement  of  the  basal  metabolism  of  selected  poults  from 
each  group  in  age  class  B  indicates  that  the  average  total  heat  produc- 
tion of  the  area  birds  is  about  5.4  per  cent  higher  than  for  the  game 
farm  birds.  While  the  average  activity  records  for  all  experiments  in 
this  age  class  are  comparatively  low,  the  area  poults  were  nearly  twice 
as  active  during  the  tests  as  were  the  game  farm  poults.  Furtliermore, 
the  area  poults'  activity  records  show  about  29  per  cent  more  active 
periods. 

Comparing  the  heat  production  on  the  basis  of  body  surface,  class  B 
poults  show  a  significant  increase  in  the  metabolic  rate  over  the 
younger  class  A  poults.  The  difference  in  body  weight  which  nor- 
mally accompanies  an  increase  in  size  of  developing  birds  shows  that 
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the  older  poults  in  class  B  on  the  average  were  12  per  cent  heavier 
than  class  A  poults. 

A  comparison  of  the  poults  in  both  age  classes  shows  that  under 
favorable  conditions  the  average  internal  temperature  of  class  B  poults 
normally  increased  to  a  higher  level  by  0.8  degrees  Centigrade  over  the 
younger  class  A  birds.  At  the  same  time  there  was  an  average  increase 
in  activity  of  class  B  poults  amounting  to  approximately  17  per  cent.  It 
was  apparent  that  both  types  of  poults  were  forming  new  habits  and 
were  becoming  adjusted  to  new  experiences  and  associations.  It  was 
obvious,  however,  that  selected  individuals  in  the  area  group  in  this  age 
class  were  more  sensitive  to  such  changes.  This  difference  in  irrita- 
bility was  particularly  observed  in  the  experiments  where  4  game  farm 
and  4  area  poults  were  compared.  There  seemed  to  be  a  pronounced 
difference  in  both  the  energy  metabolism  per  square  meter  of  body  sur- 
face and  muscular  activity  of  the  poults  in  this  age  class. 

Class  C  poults :  15-19  days  old.  The  experiments  with  poults  in  this 
group  were  conducted  under  the  same  conditions  as  in  previous  tests. 
The  birds  were  carefully  selected  from  each  representative  group  with 
respect  to  body  temperature,  nervous  stability,  and  general  superior 
vigor.  Due  to  the  limited  number  of  birds  used  in  the  experiments 
and  to  the  repeated  periods  of  fasting  that  they  were  necessarily  sub- 
jected to  in  preparation  for  the  metabolism  tests,  their  normal  growth 
may  have  been  interfered  with.  Rest  periods,  while  probably  not  of 
sufficient  length,  were  allowed  between  experiments.  Thus,  the  birds 
were  allowed  to  recover  some  of  the  vitality  lost  during  intermittent 
periods  of  fasting.  Studies  made  of  the  loss  in  weight  and  fluctuations 
in  body  temperature  resulting  from  a  24-hour  (or  longer)  fast  indi- 
cated that  prolonged  fasting  markedly  interefered  with  normal  physio- 
logical processes.  Indeed,  it  was  noted  that  certain  individual  poults 
were  in  an  unphysiological  condition  probably  due  to  undernourish- 
ment and  to  an  unbalanced  nutritional  state.  Similar  observations 
have  been  recorded  for  pigeons  by  Benedict  and  Riddle  (18),  who 
found  that  the  heat  production  was  greatly  reduced  during  prolonged 
fasting.  Kendeigh  (53),  working  with  starving  passerine  species,  ob- 
served that  a  condition  of  under-nutrition  was  accompanied  by  a  de- 
crease in  body  temperature,  which  usually  resulted  in  the  death  of  the 
bird. 

The  metabolism  measurements  in  this  age  class  were  of  poults  that 
had  been  allowed  to  eat  for  several  days  without  experimental  inter- 
ruption, after  w^hich  they  were  fasted  for  24  hours.  At  this  time  the 
fecal  discharges  were  of  a  whitish,  watery  consistency,  lacking  any 
solid  particles.  Previous  to  the  tests  a  small  suction  tube  was  intro- 
duced first  down  the  gullet  into  the  crop,  and  then  into  the  proven- 
triculus  and  gizzard  of  these  individuals  to  ascertain  if  the  organs 
were  empty.  The  results  of  these  checks  indicated  the  absence  of  food 
in  the  digestive  tract  from  the  crop  to  and  including  the  gizzard.  In 
view  of  these  results,  it  was  concluded  that  a  respiratory  quotient 
corresponding  to  the  metabolism  of  fat  might  be  expected. 
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A  summary  of  the  results  for  class  C  poults  is  given  in  Table  VTI. 
The  average  basal  metabolism  of  the  selected  area  poults,  when  meas- 
ured at  an  environmental  temperature  of  32.2  degrees  Centigrade  (89.9 
degrees  Fahrenheit),  is  appreciably  higher  than  the  basal  metabolism 
of  the  selected  game  farm  poults  of  the  same  age  and  approximately  the 
same  weight.  This  increase  in  the  heat  production  seems  to  be  corre- 
lated with  an  increase  in  the  average  muscular  activity  of  the  area 
poults  amounting  to  nearly  7  per  cent  per  hour  more  than  was  recorded 
by  the  game  farm  poults.  In  general,  the  basal  metabolism  per  unit  of 
surface  area  seems  highest  in  poults  of  this  age,  weight  and  size,  when 
compared  to  younger  and  smaller  poults  from  2  to  9  days  old. 


TABLE  VII 

The  Energy  Metabolism  of  Class  C  Poults 

(24  hours  after  feeding  and  at  32.2°C  environmental  toniperaturc) 


Number 
an<l  Tyne 
of  Poults 


Body 
Tempera- 
ture* 


Respira- 
tion* 


°C 


Per 


Average 

Bodv 

Weight 


2  GF 

2  WM 

1  GF 

1  WM 


40.7 
40.8 


Jte 

G 

rams 

52 

80.7 

51 

92.2 
95  6 

88.8 

OOo  Daily  Heat 

Production   Production 


Average  Activity 
Per  Poult  Per  Hour 


Total 
Per  Hourt 


cc. 

102  9 
111.4 
116.5 
160.1 


Per  Square 
Meter  of 

Body 
Surface 
Per  Day 

Total 

Active 
Periods 

Calories 

Per  Cent 

Number 

S64 

855 

873 

1261 

0.2 
1.7 
2.3 
9.8 

26 
105 
273 

885 

*  Average  for  class, 
t  Per  poult . 


The  total  number  of  active  periods,  their  frequency  of  occurrence 
and  average  duration  in  seconds  of  experimental  time  are  also  sig- 
nificantly different.  The  percentage  of  total  activity  shows  in  Table  VII 
that  wild  mated  area  birds  were  more  active  during  the  experiments 
than  the  game  farm  birds.  On  the  average,  the  periods  of  activity 
occurred  only  once  every  50  seconds  in  the  case  of  the  game  farm 
poults,  but  the  average  occurrence  of  active  periods  of  the  area  poults 
had  a  frequency  of  one  active  period  every  13  seconds. 

To  illustrate  the  marked  physiological  dift'erence  between  a  game 
farm  and  an  area  poult,  the  respiratory  and  activity  data  of  two  such 
birds  are  given  in  Table  VIII.  No.  32,  a  wild-mated  area  poult,  had 
earlier  been  observed  to  be  more  active,  had  a  higher  body  temperature 
and  respiration  rate,  and  seemed  to  be  somewhat  more  responsive  to  en- 
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vironmental  stimulation  than  all  other  area  poults.  On  the  other 
hand,  No.  31,  a  game  farm  bird,  was  likewilse  a  superior  individual  in 
its  owm  group. 

TABLE  VIII 
The  Energy  Metabolism  of  Two  Turkey  Poults  19  Days  Old 

(24  hours  after  feeding  and  at  32.2^C.  environmental  temperature) 


1 

Heat  Production 
Per  24  Hours       | 

Activity  Per  Hour  Per  Bird 

Type         Body 
and  Sex  Tempera-     Body 
of  Poult        ture        Weight 

CO.. 
Per 
Day 

Total 
Per 
Day* 

Per 

Square 

Meter 

Body 

Surface 

Total 

Active 
Periods 

Fre- 
quency 
of  Active 
Periods 

Dura- 
tion  of 
Active 
Periods 

Males           °C          Grams       Grams     Calories 

Calories 

Per  Cent 

Number 

In 

Seconds 

In 
Seconds 

GF-31    -           40.7             95.6  1          5.49           18.25 
WM-32    .           40.8             88.8  ;          7.55           25.09 

873 
1261 

388 

2.3 

9.8 

7.5 

273 

885 

612 

13.2 
4.1 

0.3 

0.4  + 

Experimental  Diflference   6.8            2.06           6.84 

1 

9.1          0.1  + 

*  RQ  0.72. 


When  the  metabolism  of  poults  Nos.  31  and  32  was  measured,  tw^o 
respiration  chambers  and  tw^o  sets  of  activity  recorders  w^ere  used. 
The  writing  pens  recorded  the  minimum  and  maximum  muscular  move- 
ments of  each  poult  on  the  same  kymograph  record.  It  was  interesting 
to  observe  visually,  on  the  recording  paper,  the  remarkable  difference 
in  both  the  total  amount  of  activity  and  in  the  frequency  of  occurrence 
of  the  active  periods.  The  comparative  data  are  given  in  Table  VIII. 
(Also  see  kymograph  record  No.  2,  Gerstell,  page  13.) 

The  differences  in  the  basal  metabolism  and  muscular  activity  of 
the  two  poults  in  this  experiment  are  exceptionally  significant.  Accord- 
ing to  the  data  analysis,  the  total  heat  production  of  the  area  poult 
per  24  hours  amounts  to  nearly  7  calories  more  than  the  game  farm 
poult.  The  carbon  dioxide  production  per  hour  of  experiment  amounts 
to  approximately  27  per  cent  more  for  the  area  poult. 

A  satisfactory  explanation  of  the  increased  metabolic  rate  of  the 
area  bird  is  probably  due  to  the  excessive  amount  of  muscular  activity 
(9.8  per  cent)  manifested  by  this  bird  per  hour  of  experiment.  Since 
both  of  the  birds  w^ere  selected  because  of  superior  vigor  over  other 
birds  in  their  respective  groups,  it  w^ould  be^  natural  to  expect  a  greater 
degree  of  activity  in  both  birds. 

The  actual  basal  heat  production  of  both  poults  is  probably  some- 
w^hat  obscured  bv  their  activity,  as  the  values  are  apparently  high. 
Even  though  both  poults  were  definitely  in  the  post-absorptive  state 
and  in  the  dark,  their  activity  was  uncontrollable.  If  the  experimental 
procedure    later    discussed    (p.    52)    had    been    followed,    and    if    the 
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metabolism  had  been  measured  at  the  time  (after  6-7  p.  m.)  recom- 
mended  by  Benedict  and  Fox  (12),  the  percentage  of  total  activity 
and  heat  production  might  have  been  reduced. 

In  comparing  the  metabolism  of  the  two  poults  per  square  meter  of 
body  surface,  it  is  to  be  noted  that  the  area  bird  shows  an  increase  of 
388  calories,  or  about  31  per  cent  over  the  less  active  game  farm  bird, 
regardless  of  the  fact  that  both  birds  were  the  same  age,  approximately 
the  same  in  size,  and  differed  by  not  over  8  grams  in  body  weight. 
Therefore,  it  is  believed  that  the  dift'erences  observed  in  the  measured 
activity  of  the  poults  (about  52  per  cent  more  for  the  wild-mated  area 
poult)  probably  accounts  for  the  pronounced  ditt'erence  in  their  metab- 
olic rate. 

Although  some  interesting  data  have  been  obtained  with  respect  to 
the  percentage  of  heat  lost  by  the  poults  due  to  the  vaporization  of 
water,  space  does  not  permit  their  presentation  in  this  report.  The 
results  of  two  experiments,  however,  are  given  where  the  heat  produc- 
tion and  water  vapor  output  of  a  game  farm  bird  and  an  area  bird  are 
compared.  The  heat  lost  from  the  body  as  water  vapor,  has  been 
calculated  by  assuming  that  each  gram  of  w^ater  vaporized  by  the  poult 
represents  0.585  calories. 

Kendeigh  (53)  investigated  the  loss  in  weight  of  English  sparrows 
by  observing  the  loss  of  moisture  given  off  through  the  lungs  and  air 
sacs  at  dift'erent  -air  temperatures  from  -1.1  degrees  Centigrade  (30.0 
degrees  Fahrenheit)  to  36.1  degrees  Centigrade  (97.0  degrees  Fahren- 
heit). He  found  that  the  amount  of  moisture  lost  through  the  respira- 
tory sj^stem  increased  slowly  with  rising  temperature,  but  above  29.7 
degrees  Centigrade  (85.0  degrees  Fahrenheit)  the  moisture  output  of 
the  birds  increased  rapidly.  Kayser  (52)  studied  the  heat  production 
and  heat  loss  of  three  pigeons  at  different  air  temperatures;  at  lower 
temperatures  the  birds  produced  on  the  average  1.489  grams  of  water, 
but  at  high  temperatures  the  water  loss  increased  to  2.45  grams.  The 
moisture  loss  from  the  lungs  was  lower  in  saturated  air  than  in  dry  air. 
The  metabolism  of  domestic  geese  has  been  studied  by  Hari  (45)  at 
different  air  temperatures.  His  results  show  that  the  heat  loss  due  to 
the  vaporization  of  water  amounted  to  about  50  per  cent  less  at  lower 
temperatures  than  at  higher  temperatures. 

Mitchell  and  Kelley  (69),  in  calculating  the  amount  of  water  vapor- 
ized by  different  kinds  of  domestic  birds,  found  a  definite  correlation 
between  increasing  temperature  and  the  heat  lost  as  water  vapor. 
Dukes  (36)  measured  the  basal  metabolism  of  hens  fasting  from  23  to 
32  hours  at  temperatures  ranging  from  23.0  degrees  Centigrade  to  27.0 
degrees  Centigrade  (73.4  degrees  Fahrenheit  to  80.6  degrees  Fahren- 
heit) and  found  the  heat  lost  in  water  vapor  varied  from  12  per 
cent  to  25  per  cent,  averaging  17  per  cent.  He  calls  attention  to  the 
rather  low  average  figure  and  believes  it  to  be  due  to  the  influence  of 
environmental  temperature.  Benedict,  Landauer,  and  Fox  (14)  investi- 
gated the  vaporization  of  water  by  two  fasting  domestic  fowl.  The 
environmental    temperature    during   eight    experiments    ranged    from 


30 


27.5  degrees  Centigrade  to  29.0  degrees  Centigrade  (81.5  degrees 
Fahrenheit  to  84.2  degrees  Fahrenheit).  The  ninth  experiment  was 
made  at  16.8  degrees  Centigrade  (62.2  degrees  Fahrenheit).  They 
concluded  for  the  series  of  all  the  experiments  that,  "The  proportion  of 
the  total  heat  production  lost  in  vaporization  of  water  amounted  to 
49  per  cent.  ..."  A  further  analysis  of  their  investigations  shows  that 
the  birds  which  were  tested  in  the  thermic  neutral  zone  of  28.0  degrees 
Centigrade  (82.4  degrees  Fahrenheit)  averaged  about  51.7  per  cent 
of  heat  lost  in  water  vapor,  while  those  measured  at  the  lower  tempera- 
ture lost  about  33.1  per  cent  of  heat  in  water  vapor. 

Since  the  vaporization  of  water  is  a  continuous  process  and  one 
involved  in  the  control  of  body  temperature,  it  is  interesting  to  note  in 
Table  IX  the  role  that  the  vaporizing  process  plays  when  correlated 
with  the  daily  heat  production  per  gram  of  body  weight  of  the  turkey 
poults.  The  area  poult  with  a  higher  metabolism  produced  a  greater 
amount  of  carbon  dioxide  and  absorbed  a  greater  amount  of  oxygen 
per  hour  than  the  game  farm  poult  whose  total  activity  was  noticeably 
less  than  the  other  poult.  The  least  active  bird  lost  fifty-two  and  three- 
tenths  per  cent  of  its  body  heat  in  water  vapor  while  the  more  active 
poult  lost  only  thirty-nine  and  six  tenths  per  cent.  Benedict  and  his 
associates  (12,  15)  found  that  the  vaporization  of  water  by  domestic 
fowl,  particularly  a  male  bird  at  29.0  degrees  Centigrade  (84.2  degrees 
Fahrenheit)  with  an  activity  record  of  eleven  percent,  lost  forty-five 
and  seven-tenths  per  cent  of  its  body  heat  in  water  vapor.  In  a  second 
experiment  made  at  27.5  degrees  Centigrade  (81.5  degrees  Fahrenheit) 
the  same  bird  lost  fifty  and  two-tenths  per  cent  when  active  only  four 
per  cent  of  the  experimental  period. 


TABLE  IX 

Comparison  op  the  Vaporization  of  Water  and  the  Energy 
Metabolism  of  Two  Fasting  Turkey  Poults 


Initial  body  weight  in  grams  — • 

Environmental  temperature  

Heat  production  per  gram  body  weight  in  24  hours 

(calories)    

Per  cent  heat  lost  in  H.-O 


OF  Poult 


9S.6 
32.2  °C. 

0.191 
52.3 


WM  Poult 

88.8 
32.2  °C. 

0.283 
39.6 


A  summary  of  all  the  data  for  Age  Class  C  poults,  where  superior 
birds  of  both  kinds  were  carefully  selected  for  metabolism  tests,  imme- 
diately shows  an  increase  in  heat  production  both  total  daily  and  per 
square  mjter  of  body  surface.  The  metabolic  level  observed  was  dis- 
tinctly above  that  in  other  age  classes. 

Class  D  Poults:  Twenty-eight  to  thirty-six  days  old.  The  energy 
metabolism   data    for   Class  D   poults   are   given   in   Table   X   in   two 
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parts:  A  and  B.  In  part  A,  a  respiratory  quotient  of  seventy-two 
one-hundredths  was  assumed  for  selected  birds  after  fasting  tliirty 
hours.  The  heavier  weiglit  poults  described  in  part  B  were  selected  at 
random  from  the  pen  and  fasted  forty-eight  to  fifty-two  hours. 
Respiratory  quotients  of  seventy  one-hundredths  and  seventy-one  one- 
hundredths  were  found  for  these  birds  by  measurement  of  respiratory 
products  and  oxygen  absorption. 


Part  A 

Tlie  results  of  certain  Chiss  D  experiments,  in  which  additional  tests 
of  selected  individuals  were  made,  support  the  data  found  in  Class  C 
experiments.  The  weights  and  sizes  of  the  poults  had  increased  ma- 
terially. The  average  body  temperature  shows  an  increase  slightly 
higher  than  previously  recorded  except  for  those  poults  examined  im- 
mediately after  feeding.  The  average  respiration  was  fiftj^-three  per 
minute,  a  rate  slightly  lower  than  observed  in  younger  poults.  During 
the  stage  of  development,  particularly  beginning  with  Age  Class  C 
poults,  a  definite  increase  in  vital  functions  and  a  rise  in  the  daily  heat 
production  were  observed.  In  comparing  the  physiological  data  of 
birds,  consideration  must  be  given  to  the  possible  differences  in  the 
development  of  tlie  temperature  control  mechanism.  Edwards  (37) 
distinguished  between  two  groups  of  birds  on  a  basis  of  their  body 
temperature  at  hatching  time.  Thus,  altricial  birds  borne  naked  and 
reared  in  the  nest  react  differently  to  environmental  stimuli  than  pre- 
cocial  birds  born  with  a  downy  covering  and  capable  of  leaving  the 
nest  soon  after  hatching. 

The  margin  of  physiological  distinction  between  the  poults  compared 
in  Part  A  is  narrower  than  in  preceding  tests.  The  basal  metabolism  of 
the  two  poults  in  Class  D  with  an  average  activity  close  to  one  and 
five-tenths  per  cent  is  comparable  to  the  data  of  the  area  poults  given 
in  Table  VII  for  Class  C,  whose  activity  was  much  higher.  This  illus- 
trates again  the  significant  role  played  by  the  increased  muscular 
activity  manifested  by  the  apparently  wilder  group  of  poults.  In 
general,  the  heat  values  of  the  two  poults  in  this  experiment  are  ap- 
proximately the  same.  There  is  a  slight  tendency,  however,  for  in- 
creased activit}^  in  the  area  birds,  especially  as  to  the  greater  number 
of  active  periods  and  their  more  frequent  occurrence.  The  duration 
of  the  active  periods  for  the  area  poult,  however,  was  less  than  those 
of  the  game  farm  bird. 

PartB 

In  the  experiment  described  in  Part  A,  the  effect  on  metabolism  of 
thirty  hours  of  continuous  fasting  probably  is  not  significant  at  an 
environmental  temperature  of  32.3  degrees  Centigrade  (89.9  degrees 
Fahrenheit)  because  the  body  weight  and  temperature  are  apparently 
affected  less  than  in  the  case  of  the  poults  in  the  Part  B  experiments. 
(Table  X.)     A  marked  decrease  in  body  temperature  and  a   loss  in 
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body  weight  were  observed  in  poults  44,  45,  48,  and  49.  The  average 
drop  in  body  temperature  was  found  to  be  2.3  degrees  Centigrade  (4.1 
degrees  Fahrenheit)  for  poults  44,  48,  and  49  wdien  their  average 
temperature  before  a  fifty-hour  fast  was  was  41.6  degrees  Centigrade 
(106.9  degrees  Fahrenheit).  The  greatest  drop  in  body  temperature 
w^as  observed  in  area  poult  45,  where  the  decrease  from  the  beginning 
to  the  end  of  the  fast  was  about  3.8  degrees  Centigrade  (6.8  degrees 
Fahrenheit).  This  bird  was  extremely  inactive  and  apparently  border^- 
ing  on  a  moribund  state.  Furthermore,  the  metabolism  of  poult  45 
was  considerably  lower  than  previously  tested  smaller  and  lighter 
weight  poults.  The  body  temperature  of  the  poults  that  had  fasted 
only  thirty  hours  showed  only  a  slight  decrease  as  compared  to  those 
fasting  a  much  longer  time.  These  data  apparently  demonstrate  the 
influence  of  prolonged  fasting  on  the  total  metabolism  of  the  poults, 
inasmuch  as  the  body  temperature,  weight,  muscular  activity  and  the 
metabolic  rate  are  reduced. 

TABLE  X 

The  Energy  Metabolism  of  Wild  Turkey  Poults  28  to  36  Days  Old 


Part  A 


Typo 
and 

Nnni- 

licr 

of 

Poult 


Hours 

Rex- 

With- 

out 

Food 

Body 

En- 

(Nor 

viron-  1 

nial) 

mental 

Tem- 

Tem- 

pera- 

pera- 

ture 

ture 

Body 
VV'ght 


Hrs. 


°C 


°C       Grams 


GF-88 
WM-8!> 


Q 
Q 


30 
SO 


41.5 
41.6 


32.2 
32.2 


151.5 
153.  () 


Daily  Heat 
Production 


Activity  Per  Hour 


Total 


Per 

I  Square 

I    Metei 

of 

Body 

[Surface 


Calor-    Calor- 
ies    I     les 


24.21 
24.72 


852 


Total 


Per 
Cent 

1.4 
1.9 


Active 
Periods 


Num- 
ber 


1.32 
171 


Pre-      Dura- 

quency     tion 

of  of 

Active    Active 

Periods  i  Period? 


Sec- 
onds 


27.3 
21.1 


Sec- 
onds 


0.4— 
0.3+ 


Part  B 


GF-44 

0 

WM-45 

Q 

GF-4S 

() 

WM-4!) 

Q 

48 
52 
48 

50 


*.3S.8 
*37.S 
*3y.3 
*.3!).(5 


31.1 
31 . 1 
20. 0 
20.0 


175.19 
1.58.47 

178.42 

is5.m 


23,77 

759 

0 

0 

0 

20.17 

681 

0 

0 

0 

2;).  21 

922 

0.4 

43 

84 

2(5.25 

807 

0.2 

28 

128 

1 

0 

0 
0.34- 
0.3— 


*  At  end  of  fast. 

U^iiiak'. 

U^femalo. 


The  variability  of  the  basal  metabolism,  when  computed  per  square 
meter  of  body  surface  and  measured  in  the  upper  limits  of  the  neutral 
temperature  zone,  seems  especially  significant  in  view  of  the  influence 
on  metabolism  of  prolonged  or  intermittent  starvation. 

The  respiratorv  data  from  the  Class  D  poults  in  Part  P.  where  the 
birds  were  selected   at   random,  suggest   the  general  conclusion  that 
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the  metabolic  rate  of  the  poults  in  this  age  group  is  not  significantly 
different  after  fasting  forty  to  fifty  hours. 

Class  E  Poults:  Forty-four  to  forty-eight  days  old.  In  view  of  the 
apparent  infiuence  of  age,  body  weiglit  and  prolonged  fasting  on  the 
metabolism  of  younger  wild  turkey  poults,  experiments  were  made  to 
determine  the  course  of  the  metabolism,  activity,  body  temperature, 
body  weight,  and  heart  rate  of  older  poults  during  a  continuous  fast 
of  seventy-two  hours. 

This  type  of  experiment  was  made  on  the  assumption  that  it  would 
be  possible  to  determine  the  existence  of  any  differences  in  the  environ- 
mental resistance  of  the  two  types  of  poults.  Therefore,  one  bird  from 
each  group  was  selected  on  a  basis  of  the  same  high  standards  of 
physiological  superiority  as  those  previously  selected.  In  this  case, 
each  bird  was  distinctly  in  a  better  physiological  state  than  any  other 
bird  in  its  respective  group.  In  order  to  eliminate  the  possible  influ- 
ence of  size  and  weight  on  metabolism,  birds  of  approximately  the  same 
weight  and  size  were  used.  The  body  covering  was  also  comparable. 
Previous  to  the  tests,  both  poults  had  been  fed  for  several  days  and 
were  later  taken  from  the  pen  with  full  crops  and  in  a  state  of  active 
digestion.  The  experiments  were  made  on  consecutive  daj^s,  twenty- 
four  hours  apart,  at  a  respiratory  chamber  temperature  of  28.0  degrees 
Centigrade  (82.4  degrees  Fahrenheit),  in  the  dark,  but  during  the 
daytime. 

The  influence  of  digesting  food  on  the  metabolism  of  animals  is  well 
known,  but  the  time  required  for  a  post-absorptive  condition  to  mani- 
fest itself  is  known  only  in  the  case  of  a  relatively  few  animals.  The 
period  at  which  active  digestion  ceases  is  variable  among  different 
species  of  birds  and  mammals.  An  indication  of  the  approximate  time 
an  animal  first  begins  to  live  on  the  fat  reserves  of  its  own  body  may 
usually  be  observed  by  noting  the  decrease  in  the  respiratory  quotient. 
In  view  of  the  fact  that  both  poults  had  ingested  food  containing  forty- 
four  and  twelve  one-hundredths  per  cent  carbohydrates  immediately 
preceding  the  experiments,  a  respiratory  quotient  of  one  Avas  assumed. 
Actually,  the  quotient  may  have  been  under  or  above  one.  On  the 
other  hand,  since  the  passage  of  food  through  the  digestive  tract  of 
the  poult  is  comparatively  rapid,  a  lower  quotient,  nearer  seventy 
one-hundredths,  might  be  expected  after  the  poults  had  fasted  twenty- 
four  hours  or  more. 

The  first  experiment  demonstrates  the  specific  dynamic  action  of 
food  on  the  metabolism.  In  the  case  of  the  "WM"  poult,  both  the  total 
metabolism  and  activity  were  higher  than  the  ''GF"  poult.  In  the 
present  experiment,  the  important  role  played  by  activity  in  increasing 
the  heat  production  in  the  proportions  found,  may  be  clouded  by  the 
energy  liberated  by  the  digesting  food. 

The  basal  metabolism  of  the  two  poults  for  the  entire  period  of 
starvation  is  compared  in  Table  XI.  The  percentage  diff'erence  in 
the  metabolic  rate  and  other  vital  processes  occurring  from  the  begin- 
ning to  tlie  end  of  the  seventy-two-liour  fast  are  given  in  Tabh>  XII. 
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TABLE  XI 

Comparison  of  the  Basal  Metabolism,  Respiratory  Quotient, 

Activity,  Body  Temperature,  and  Body  Weight  of 

GF  and  WM  Poults  Without  Food  for  72  Hours 


(At  environmental  temperature  of  28.0°C.) 

i 

Heat 

Production 

Activity  Per  ] 

Hour  Per  Bird 

Per  Day 

Fall 

Type 

Hours 

in 
Body 

Loss 
in 

Aver- 

of 

Age 

With- 

Body 

Per 

R,  O. 

Num- 

Fre- 

age 

Tem- 

Body 

Poult 

out 

W'ght 

Square 

ber 

quency 

Dura- 

pera- 

W'ght 

Food 

Total 

Meter 

Body 

Surface 

Total 

of 

Active 

Periods 

of 

Active 

Periods 

tion 

of  Each 

Active 

Period 

ture 

Days 

Grams 

Oal. 

Cal. 

Per 

Cent 

Sec- 
onds 

Sec- 
onds 

op 

Grams 

GF 

44 

0 

365.7 

45.18 

884 

1.00 

1.7 

155 

28.2 

0.4 

WM 

44 

0 

371.4 

51.12 

989 

« 

3.0 

220 

16.3 

0.5 

GF 

45 

24 

353.0 

36.44 

730 

0.74 

0.6 

49 

73.5 

0.4- 

1.2 

12.74 

WM 

45 

24 

356.8 

38.02 

756 

0.73 

1.8 

159 

22.6 

0.4— 

1.5 

14.60 

GF 

46 

48 

331.7 

34.78 

726 

0.72 

0.9 

107 

34.0 

0.&- 

21.30 

WM 

46 

48 

325.3 

33.89 

717 

0.70 

2.8 

200 

18.0 

0.5— 

31.51 

GF 

47 

72 

303.5 

30.33 

671 

0.71 

0.7 

89 

40.4 

0.3- 

2.9 

28.11 

WM 

47 

72 

311.3 

32.46 

707 

0.71 

1.6 

167 

23.0 

0.3- 

3.4 

13.96 

•*  Respiratory  quotiont  of  1.00  assumed. 

At  the  end  of  the  first  twenty-four  hours  of  fasting,  the  faeces  indi- 
cated that  the  poults  were  either  in  or  approaching  a  post-absorptive 
condition.  This  was  verified  by  the  decrease  observed  in  the  respira- 
tory quotients  for  both  poults.  The  decrease  in  the  average  heat  pro- 
duction either  as  the  total  amount  per  day  or  per  square  meter  of 
body  surface  amounts  to  approximately  twenty  per  cent  during  the 
first  twenty-four  hours  of  fast.  The  average  loss  in  weight  is  three  and 
five-tenths  per  cent  which  was  accompanied  by  a  slight  decrease  in 
internal  temperature. 

After  forty-nine  hours  of  starvation,  a  different  physiological  condi- 
tion was  observed  in  both  birds.  The  most  significant  difference  ob- 
served is  the  increased  losses  in  body  weight  over  the  preceeding 
twenty-four-hour  fasting  period.  The  greater  loss  in  weight  apparently 
was  associated  with  the  increased  muscular  activity  which  Avas  ob- 
served during  the  second  twenty-four  hours  of  fasting.  This  increase 
in  activity,  however,  may  have  been  a  normal  physiological  response 
of  the  poults  in  attempting  to  maintain  their  internal  temperature. 

At  the  end  of  seventy-two  hours  of  starvation,  significant  physio- 
logical changes  were  observed  in  both  poults.    The  birds  were  drawing 
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heavily  upon  their  body  tissues  for  enerofy,  wliicli  in  the  ease  of  the 
"WM"  poult,  resulted  in  a  total  loss  of  about  sixteen  and  one-tenth 
per  cent  of  the  initial  body  weight  and  seventeen  per  cent  for  the 
''GF"  poult.  The  respiratory  quotients  of  seventy-one  one  hundredths 
representing  a  fat  metabolism  were  observed  at  the  forty-eighth  and 
seventy-second  hour  of  fasting. 


TABLE  XII 

Percentage  Difference  in  the  Basal  Metabolism  op  Two  Wild 
Turkey  Poults  from  the  Beginning  to  the  End  of  a 

72-Hour  Fast 


Type 

of 

Poult 

Daily  Heat            Activity 
Production           Per  Hour 

Respira- 
tion Rate 
Per 
Minute 

Body 
Weight 
Grams 

Total 
(Calo- 
ries) 

Per 
Square 
Meter 

Hody     T^jtg, 
Sur- 
face 
(Calo- 
ries) 

Periods 
Active 

Body         Heart 

Temi>era-   Rate  Pei 

ture  ^F      Minute 

Per      cent       de- 
crease   from 
Itepinning      to 
end  of  fast  _. 

OF 

32.8% 

1 

24.1%     58.8% 

42.6% 

2S.7% 

1 

i 
2.7%         11.7%         29.0% 

16.9% 

1 

Per      cent      de-                             j 
crease    from                             i 
bcKinninp      to 
end  of  fast  .-      WM        .W.-J^c     2S.5%     46.6% 

1 

3.1%           9.4%         22.6% 

i 

16.1% 

Per      cent      dif- 
ference                        +-i.7'7f 

+4.4%  -12.2% 

( 

—13.9%        +0.4%       —2.3%       —6.4% 

1 

-0.8% 

The  gaseous  exchange  just  preceding  seventy-two  hours  without 
food  apparently  no  longer  represented  that  of  the  normally  fasting 
animal  but  probably  that  of  a  starving  organism  whose  general  metabo- 
lism was  being  carried  on  primarily  by  the  organs  and  tissues  of  the 
body  competing  with  each  other  for  survival.  This  is  observed  in  the 
pronounced  decrease  in  body  temperature  and  heart  and  respiration 
rate.     (Table  XII.) 

A  comparison  of  the  hourly  diurnal  activity  records  of  both  poults 
seems  most  significant.  The  activity  of  the  *''WM"  bird  Avas  consist- 
ently higher  than  that  of  the  "GF"  bird  throughout  the  entire  seventy- 
two-hour  study.  The  greatest  amount  of  total  activity  per  hour  (one 
and  seven-tenths  per  cent)  for  the  "GF"  bird  was  observed  in  the  first 
experiment  when  the  total  metabolism  was  measured.  The  lowest  total 
activity  per  hour  (one  and  six-tenths  per  cent)  for  the  "WM"  bird  was 

36 


found  at  the  end  of  seventy-two  hours  of  fasting  wMien  a  low  metabolic 
rate  was  recorded. 


Figure  8.     A  month-old   wild  turkey  poult. 


The  influence  of  muscular  activity  on  metabolism  apparently  de- 
creased near  the  forty-eighth  hour  of  fasting  since  tlie  heat  production, 
body  temperature,  and  other  vital  functions  were  no  longer  maintained 
at  a  normal  level.  A  study  of  the  activity  with  respect  to  the  respira- 
tory quotients  found,  particularly  during  the  forty-eighth  hour  of 
fasting,  seems  to  indicate  tliat   increased  muscular  activity  does  not 
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iicavily  upon  llicir  body  1  issues  tor  ciu'i-ji'v,  wliii-h  in  the  case  of  lljc 
"WM"  poult,  resulted  in  a  total  loss  of*  about  sixteen  and  one-tentli 
per  cent   of  the   initial   body   weiji'lit    and   seventeen   per  cent    for   the 


a 


CiF"  ])ouIl.  The  respiratory  (piotients  of  seventy-one  one  hundredtlis 
represent in«»-  a  fat  metabolism  were  observed  at  the  forty-eiji'lith  and 
seventv-spcond  lionr  of  fastinji:. 


TA15LE   XII 

Pi:u('i:xTA(ji:  Diffkkknck  in  the  Basal  METAiiousM  of  Two  Wild 
TriiKKv  Pon.Ts  from  thk  1>i:(}1NNL\(j  to  tuf  p]\i)  of  a 

72- Horn  Fast 


The  jraseons  exelianfre  just  preeedinjr  seventy-two  ]iours  witliout 
food  apjiarently  no  lonjror  represented  that  of  the  normally  fastinjr 
animal  but  ])i'obal)ly  that  of  a  stai'vin^-  orjianism  whose  <>'eneral  metabo- 
lism was  ))ein<»'  carried  on  i)rimarily  by  the  or<>*ans  and  tissues  of  the 
body  eompetinji'  with  each  otliei*  for  survival.  This  is  observed  in  the 
pronounced  decrease  in  bodv  temjx'rature  and  heart  and  respiration 
rate.     (Table  XII.) 

A  comparison  of  the  hourly  diurnal  activity  recoi-ds  of  both  ])oults 
seems  most  siji-nificant.  The  activity  of  the  ''WM"  bird  was  consist- 
ently hiji'lu'r  than  that  of  the  "(IF"  bird  throu«i'hout  the  entire  seventy- 
two-hour  study.  The  <>reatest  amount  of  total  activity  per  hour  (one 
and  seven-tenths  per  cent)  for  the  "(JF"  bird  was  observed  in  the  first 
experiment  when  the  total  metabolism  was  measui'cd.  The  lowest  total 
activity  i)ei-  hour  (one  and  six-tenths  jx'r  cent)  for  the  "WM"  bird  was 


found  at  the  end  of  seventy-two  houi's  of  fastinjr  wlien  a  low  metabolic 
rate  was  recorded. 


FiKiire  K.     A    luontli-old    wild   tiirke.v    poult. 


The  influence  of  muscular  activity  on  metabolism  apparently  (le- 
ei'eased  near  the  forty-ei«»-lith  hour  of  fastin«»'  since  the  heat  pritduction. 
bodv  temperature,  aiid  other  vital  functi(Uis  were  no  lon<i'er  maintained 
lal  level.  A  study  of  the  activity  with  resj)t'ct  to  the  resjnra- 
tients    found.    paiM  icularly    durin«»'    the    forty-eiji'lith    hour    o\' 


at  a  norma 


tory   (pio 
fasti 


nii",  seems 


to   indicate  that    increased  muscular  activity  does  not 
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INTENTIONAL  SECOND  EXPOSURE 


noticeably  change  the  respiratory  quotient  since  the  quotients  were  not 
materially  altered. 

The  data  in  Table  XI  shows  a  projjfressive  decline  in  the  body 
wei<?ht  and  daily  heat  production  of  both  strains  of  poults  through 
the  seventy-second  hour  of  fasting.  However,  the  loss  in  weight  and 
fall  in  metabolic  rate  of  the  "WM"  bird  is  less  than  the  "GF"  bird 
from  the  forty-eighth  to  the  seventy-second  hour.  Whether  or  not  the 
heat  production  of  the  poults  remains  constant  after  seventy-two  hours 
of  continuous  fasting  is  a  matter  for  additional  study.  However,  Long 
(62)  observed  a  progressive  decline  in  the  respiratory  exchange  of 
pheasants,  quail  and  Hungarian  partridges  during  the  course  of  pro- 
longed fasting  experiments.  The  decline  in  the  total  heat  production 
of  the  poults  following  the  consumption  of  food  may  be  due  to  the 
gradual  dissipation  of  the  extra  calories  provided  by  the  food  eaten 
and  also  to  the  progressive  loss  in  weight  of  the  birds  with  a  corre- 
sponding fall  in  the  basal  metabolic  rate. 

Influence  of  vocal  activity  on  metabolism.  Some  attention  has  been 
given  to  the  influence  of  singing  on  metabolism.  Groebbek  (41)  studied 
the  physiologj^  of  voice  formation  in  birds.  He  points  out  that  light, 
air  temperature,  and  humidity  are  influential  factors  in  determining 
the  degree  and  time  of  singing.  Palmgren  (72)  investigating  outdoors 
the  influence  of  meteorological  factors  on  bird  singing  and  song  in- 
tensity and  found  a  direct  relation  with  temperature  and  humidity. 
From  this  he  assumed  that  in  dry  air  singing  caused  a  considerable 
loss  of  water  which  was  connected  with  the  increased  aeration  through 
the  lungs  and  air  sacs,  thereby  causing  a  decrease  in  song  intensity. 

Benedict  and  Fox  (12)  raise  the  question  as  to  whether  the  metabo- 
lism of  a  singing  bird  should  be  compared  to  nonsinging  birds.  AVhen 
the  metabolism  of  canaries  was  measured,  they  considered  the  problem 
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KYMOGPAPH  PECOPD  NO.  4  (PAPTIAL) 

ILLUSTRATING  RHYTHMICAL  USE  OP  THE  "VOICE"  BY  "WM" 
TURKEY  POULT  NO.  29  DURING  A  METABOLISM  TEST 

LEGEND:    HORIZONTAL.     LINES  =  IN  ACTIVE     PERIODS  - 

VERTICAL     LINES  ■-  ACTIVE     PERIODS  —  CIRCLES 

SURROUND     TYPICAL     VOCAL     EXPRESSIONS 


Fl  If  lire  5). 
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to  be  one  of  sex,  since  only  the  male  canary  sings.  Thus,  if  there  was 
a  difference  in  the  gaseous  exchange,  the  higher  metabolism  would 
be  found  in  the  males.  They  found  a  higher  metabolism  in  the  male 
canary  at  an  environmental  temperature  of  28.0  degrees  Centigrade 

TABLE  XIII 

Comparison  of  the  Physiological  Effects  of  Activity  and  Vocal 

Expression  on  the  Carbon  Dioxide  and  Water  Vapor 

Output  of  Two  Turkey  Poults  20  Days  Old 


Type  of 
Poult 

Body 
Weight 

Surface 

COo  Pel 
Day 

Per  Cent 

Heat 

Lost  in 

HoQ 

Tempera- 
ture of 
Env. 

Activity  Per  Hour 

Total 

Number 

of 

Active 

Periods 

Fre- 
quency 

of 

Active 

Periods 

Number 

of 
Periods 

of 
Vocal 
Expres- 
sion* 

«#* 

Grains 

Sq.  Cm. 

i 
Liters     Per  Cent 

°C 

Per  Cent 

In 
I  Seconds 

GF-30 
WM-29 

109.3 
114.2 

228.60 
235.38 

4.2            42.5 
4.6            71.7 

32.2 
32.2 

4.4 

8.7 
•*6.4 

432             8.3 

1,080             3.6 

600             6.0 

None 

*120 

*  Each  vocal  period  is  equivalent  to  an  average  of  four  chirps  or  calls. 
**  Total  per  cent  of  activity  less  all  vocal  periods. 
•**  Fasting  birds. 

(82.4  degrees  Fahrenheit)  but  at  temperatures  below  25.0  degrees 
Centigrade  (77.0  degrees  Fahrenheit),  the  sexual  difference  was  only 
slight  and  practically  obscured  b.v  the  influence  of  the  lower  air  tem- 
perature on  metabolism.  Baldwin  and  Kendeigh  (3)  discuss  the  in- 
fluence of  singing  with  respect  to  changes  in  body  weight  of  wild  birds. 

In  the  turkey  work,  opportunity  presented  itself  to  study  the  sig- 
nificance of  the  frequent  use  of  the  voice  organ  during  a  comparative 
test  in  which  the  metabolism  of  two  poults  was  measured  at  the  same 
time  at  an  environmental  temperature  of  32.2  degrees  Centigrade 
(89.9  degrees  Fahrenheit).  A  section  of  the  record  showing  the  rhyth- 
mical use  of  the  voice  organ  is  shown  in  kymograph  record  No.  4, 
page  38.     The  pliysiological  data  is  given  in  Table  XI [I. 

The  experimenfal  data  of  poult  No.  29  shows  a  records  of  120  com- 
plete vocal  periods,  each  averaging  four  chirps,  or  calls,  per  vocal 
period,  or  a  total  of  480  individual  calls  per  experimental  hour.  When 
the  percentage  of  activity  represented  by  vocal  expression  is  deducted 
from  the  total  activity  of  eight  and  seven-tenths  per  cent  for  poult 
No.  29,  the  total  activity  values  of  both  poults  approximate  each  other. 
The  difference  in  the  carbon  dioxide  production  which  amounts  to 
about  sixteen  and  eight-tenths  c.c.  per  hour  and  the  dift'erence  in  the 
lieat  lost  as  water  vapor  amounting  to  approximately  twenty-nine  per 
cent,  apparently  are  accounted  for  by  the  dift'erence  between  the  two 
poults  in  internal  and  external  activity.   The  graphic  record  of  activity 
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fnr  n..„lt  No  '>0  shows  that  two  and  tliree-tentlis  per  cent  of  the  total 
b  Kir  movements  ^ve■■e  apparently  due  to  the  use  of  the  vo.ce  organ 
alone  The  proportional  increase  in  heat  production  di  e  to  this  extra 
«1  KHtv  owever  cannot  be  computed.  Tt  is  apparent,  nevertheless, 
H  at  e'  i  ter  anunint  of  water  vaporized  by  poult  No.  20  may  be  the 
result  of  vocal  expression  at  rhythmical  intervals  throughout  the  ex- 
periment. 

Temperature  control.  A  comparative  study  of  the  respiration  and 
pulse  rate,  gizzard  and  rectal  temperatures  was  made  oyeven  poul  s 
of  each  type  when  twenty-two  to  twenty-four  days  old.  The  birds 
were  fasted  for  twenty-four  hours  before  they  were  examined,  hen 
permitted  to  feed  for  a  definite  period  of  time,  after  which  their  tem- 
perature  was  again  taken.    The  data  is  given  in  Table  XIV. 

TABLE  XIV 

Comparison  of  the  Heart  and  Respiration  Rate  and  Body 
Temperature  of  Wild  Turkey  Poults  22-24  Days  Old 


After  24  Hours  of  Fasting 


After  10  Hours  on  Food 


Type  of  Poult 


Gizzard  Rectal 

Tempera-     Tempera- 
ture ture 


Heart 
Rate 


Gizzard         Rectal 
Tempera-     Tempera- 
ture ture 


Respira- 
tion 
Rate 


°C 


°C 


Per 

Minute 


°C 


oC 


Per 
Minute 


GF 
WM 


40.fi 
40.3 


40.4 
40.2 


345 
348 


41.51 

41.48 


41. 3S 
41.30 


0( 

58 


The  data  -iven  in  Table  XIV  was  obtained  from  wild  turkey  poults 
with  an  average  energy  requirement  of  one  and  nine-tenths  grams  of 
food  and  four  and  nine-tenths  grams  of  water  per  hour  per  bird. 
Under  these  conditions  of  food  consumption  and  growth,  the  poults 
showed  an  average  increase  in  weight  of  two  and  six-tenths  grams  per 
hour  per  bird  per  twelve  hours  of  daylight  feeding.  The  tasting 
poults  lost  an  average  of  five-tenths  gram  in  weight  per  hour  per  bird 
durint'  a  twentv-four-hour  observation. 

In  one  experiment  the  poults  were  allowed  to  fast  for  several  hours, 
at  which  time  the  internal  temperature  was  taken.  Food  and  water, 
previously  cliilled  in  a  refrigerator,  was  placed  before  the  poults  soon 
after  Examination  of  the  body  temperature  shortly  after  ingestion 
of  the  cold  food  and  water  showed  a  slight  decrease  in  body  tempera- 
ture This  decrease,  however,  was  only  temporary.  In  less  than  two 
hours  after  feeding,  the  body  temperature  had  raised  slightly  above 
the  fasting  temperature  first  recorded. 

Some  of  the  temperature  data  of  the  experimental  poults  has  already 
been  reported.  Additional  daily  records  were  obtained  from  several 
poults  from  thirty  hours  after  hatching  to  thirty-two  days  old.    These 

40 


poults  had  not  been  subjected  to  starvation  during  that  period.  The 
avera-e  temperature  for  the  thirty-two  day  period  was  nearly  41  0 
de-rees  Centigrade  (105.8  degrees  Fahrenheit).  The  respiration  rate 
wa"s  fifty-eight  per  minute.  At  the  end  of  thirty-two  days  the  body 
weicrht  of  these  control  poults  averaged  higher  than  the  weight  ot  the 
experimental  poults  of  the  same  age.  The  average  body  temperature 
of  the  experimental  poults,  taken  after  feeding,  was  about  41.o  degrees 
Centigrade  (106.7  degrees  Fahrenheit).  The  lower  temperatures  found 
in  the"  control  birds  is  probably  explainable  partly  on  a  basis  of  inac- 
tivity and  less  nervous  excitement  and  partly  to  comfortable  living 
conditions  and  close  confinement.  Riddle  and  Honeywell  (80)  ob- 
served a  decrease  of  nearly  thirty  per  cent  in  the  normal  blood  sugar 
of  pigeons  within  three  to  five  weeks  as  a  result  of  close  confinement 
with  "inactivity  on  the  part  of  the  birds.  Lusk  (64)  also  found  the 
basal  metabolism  of  a  dog  was  markedly  lowered  after  prolonged 
confinement  in  a  cage  even  though  there  was  no  loss  of  body  weight- 
This  condition  was  remedied  through  exercise. 

Internal  organs.  The  variations  in  muscular  activity  and  gaseous 
exchano-e  observed  in  the  two  strains  of  birds  suggested  the  possibility 
of  variations  in  the  size  and  weight  of  certain  of  the  heat  producing 
organs  of  the  body. 


TABLE  XV 
Comparison  of  the  Average  Metabolism  and  Activity 
Types  of  Wild  Turkey  Poults  2-48  Days  Old 

(Summary) 


OF 


Two 


Typo 
Poult 


Age 

in 

Days 


No.  of 

Poults 

Used 

0    Q 


GF 
WM 


GF 
WM 


2-3 


5-9 


With-  rppin. 

J*"\  I^)era- 

Food  ture 

(Hrs.)  (oc) 


Av. 
Body      Av 

Tem-  Body 
pera-     Wt. 

bure  Grams 
(°C) 


Daily  Heat 
Production 


Activity  Per  Hour 


Per 

Square 

Meter 

of       Total 

Total 

Body        % 

(Calo- 

Surface 

orles) 

(Calo- 

ories) 

3  9 

4  8 

4      3 
3      4 

0 

0 

24 
24 

35.5 
35.5 


39.7 
39.2 


35.5 
35.5 


GF 
WM 


GF 
WM 


GF 
WM 


GF 
WM 


15-19 

0 
2 

3 

1 

24 
24 

28-36 

1 

1 

0 

0 

30 
30 

28-.36 

2 

0 

0 
2 

.50 
50 

44-48 

0 
0 

3 
3 

72 

72 

.32.2 
32!  2 


.32 . 2 
32.2 

31.1 
31,1 


28.0 
28.0 


40.2 
40.1 


40.7 

40.8 


42.1 
41.6 

51.0 
55.7 

88.2 
90.5 


41.. "5  I  151.50 
41.fi  I  1.53.60 


6.28 
5.97 


Fre- 

v«   «f  quency 
No.  01       of 
Active    Active 
Periods  Periods 
(Sec.) 


Av. 

Dura 
tion  of 
Each 
Period 
(Sec.) 


lO.fil 
11.82 


17.19 
21.28 


24.21 
24.72 


.39.1* 
38.7* 


176.80 
172.04 

329.35 
3.31.15 


26.49 
23.21 

.33.85 
34.79 


519           2.9 
501           2.1 

83.3 
98.0 

768           0.8 
806  1        1.4 

54.7 
99.3 

869           1.3        149.0 
1058           5.7       495.0 

8.52           1.4 
862           1.5 

1.32.0 
171.0 

840           0.4 
744           0.2 

43.0 
28.0 

43.2 
36.7 

1.25 
0.77 

65.8 
36.2 

0..52 
0.51 

0.30 
0.42 

24.1 
7.2 

27.3 
21.1 

0.38 
0.32 

84.0 
128.0 

0.33 
0.26 

709 


0.7 

2.1 


82.0 
172.0 


43.9 
20.9 


0.3  + 
0.4  + 


*  Temperature  after  fast. 

(>=female. 

Q^m."'". 
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Tims,  at  the  a-e  of  sixty  days,  the  birds  were  killed  and  autopsied 
in  a  standard  manner.  This  revealed  the  fact  that  the  organ  ratios  of 
the  "WM"  birds  averaged  slightly   higher  than  those   ot  the     i^t 

individuals.  ^  ^.  .  «p  +i,n 

Summary  of  physiological  data.  A  comparative  summary  ot  the 
average  metabolism  and  muscular  activity  for  all  experiments  in  al 
ao-e  classes  is  given  in  Table  XV.  A  study  of  this  table  indicates  that 
domestication  apparently  influences  both  the  metabolism  and  behavior 
of  wild  turkey  poults.  The  metabolism  of  the  wild-mated  area  poults 
reacts  to  changes  in  environmental  conditions  in  a  greater  degree  than 
the  o-ame  farm  poults.  Also,  the  physiological  resistance  during 
twenty-four  to  seventy-two  hours  of  continuous  fasting  seems  higher 
in  the'^WM"  birds,  although  it  is  apparent  that  the  metabolism  of  both 
groups  of  poults  was  relatively  low  under  the  experimental  conditions 
described. 

A  Comparison  of  the  Physiology  of  Wild  and 
Domestic  Birds  and  Mammals 

studies  on  the  metabolism  of  pigeons,  doves,  and  other  domestic  fowl 
as  well  as  certain  wild  birds  and  mammals,  extend  back  over  a  long  period 
of  time      Most  of  the  literature  on  the  subject  has  been  reviewed  by 
Benedict  and  Fox  (10,  12),  Benedict  and  Kiddle   (18),  Benedict,  Laii- 
dauer,  and  Fox  (14),  and  Groebbels  (41). 

Metabolism  experiments  dealing  with  wild  game  birds  are  not  numer- 
ous. Within  the  knowledge  of  this  investigation  metabolism  measure- 
ments of  the  wiki  turkev  are  not  reported  in  the  literature,  though 
Reiset  (7V)  and  Riehet  (78),  in  their  studies  on  the  gaseous  exchange 
of   different   animals,    included   a   few   experiments   on   three   domestic 

turkevs 

Comparisons  of  the  heat  production  of  wild  and  domestic  animals  ap- 
pear to  indicate  some  differences  in  their  respective  metabolic  rates. 
A  part  of  this  evidence  is  presented  in  Table  XVI.  Standard  methods 
for  measuring  the  metabolism  were  used  in  most  of  the  experiments  re- 
ported in  the  table.  In  them  the  possible  influences  of  activity  and 
digestion  were  given  due  consideration. 

Benedict  and  Fox  (12)  compared  the  metabolism  of  the  English 
sparrow  and  canary  with  the  metabolism  of  a  wild,  free  living  song 
sparrow.  Their  results  show  a  higher  metabolism  for  the  wild  bird. 
Also,  Riddle,  Smith  and  Benedict  (82)  show  that  the  feral,  migratory, 
mourning  dove  has  a  higher  metabolism  than  either  the  domestic  pigeon 

or  the  ring  dove. 

Benedict  and  Petrik  (17)  found  the  metabolism  of  the  wild  Norway 
rat  measurably  higher  than  that  of  the  albino  rat,  and  noted  that  the 
metabolic  rate  declined  after  the  wild  animals  had  become  accustomed 
to  handling  in  the  laboratory.  Since,  as  outlined  by  Gerstell,  the 
original  stock  of  ''GF"  birds  is  believed  to  have  been  derived  from 
eggs  stolen  in  the  wild  and  since  their  domestic  characteristics  may 
have  been  brought  about  by  the  effects  of  constant  confinement  over  a 
period  of  years,  these  particular  mammalian  studies  appear  of  especial 

significance. 
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TABLE  XVI 

Comparison  of  the  Heat  Production  Per  Square  Meter  of  Body 
Surface  of  Domestic  and  Wild  Mammals  and  Birds 


Species 


j  Average 
Average       Heat 
Body         Pro- 
Weight     duction 
Per 
Sq.  M.* 

(Calo- 
(Grams)       ries) 


Average 
Environ- 
mental 
Tempera- 
ture 


°C 


Canary  

English  spar- 
row   

Song     spar- 
row   

Goldfinch  — 

English  spar- 
row   

Chick  

Chick   

Chick  

Chick  - 

Chick  

Mourning 

dove  

Ring  dove  — 

Pigeon  (tip- 
pler)   

Pigeon  (com- 
mon)     

Turtle  dove  . 

Falcon 

Northern 
bobwhite    - 

Ring  -  neck 
plieasant   _ 

Buzzard 

(hawk)    _- 

Wood  owl  _- 

Crow  (car- 
rion)   

Rat  

Rat  

Mouse   

Mouse   

Mouse    

Mouse    

Mouse   

Mouse   


14.6-18.9 

738 

21.5-24.0 

656   I 

22.2-17.6 

900 

15 

997 

30 

924 

35.6 
32.9 
40.0 
42.0 

45.5 

i 

114-142 

265       ' 

29.6 
152.0 
135.0 

175.25 

1389.13 

600.0 
360.0 

330.0 
to  292.0 
to  375.0 


21.0 

57.0 

8.0 

19.0 


535 
551 

675 
567 
707 

904 
792 

680 

772.5 

709 

646 

859 

1076 

780 
730 

840 
9.'?3 
760 
640 
1000 
520 
545 
270 


28.0 

26.0 

25.4 
30.4 

17.0 
36.0 
37.5 
29.4-35.0 
31.0 
31.0 

20.0 
20.0 

20.0 

29.96 

33.0 

32.0 

28.0 

28.0 

21.0 
21.0 

20.0 
28.0 
28.0 
28.5 
28. 0 
28.(V-34.0 
28.0-34.0 
28.0-34.0 
530       28.0-34.0 


Strain  and  Age 


Domesticated    

Semi-domesticated 


Wild 
Wild 


Semi-wild  

Domestic  (1  day)  — 
Domestic  (3  days)  .. 
Domestic  (7  days)  -- 
Domestic  (3  days)  — 
Domestic  (7  days)  _- 
Migratory-wild  (nia 
ture)    


Domestic 


Domestic  (3  days) 
Wild    (mature)    -- 
Wild  


Wild  (mature) 


Wild  (mature)  _. 

Wild  (4-6  weeks) 
Wild  . — - 


Wild  

Wild  Norway 
Tame  Albino 
Tame  Albino 

Hairless   

White  breed  . 
Heavy  breed 
Dwarf  breed 
Wild  breed  .. 


Author 


Benedict  and  Fox  (12) 

Benedict  and  Fox  (12) 

Benedict  and  Fox  (12) 
Giajat  (38) 

Giaja  (38) 

Mitchell.    Card,    Haines   (65) 

Mitchell,    Card.   Haines   (65) 

Mitchell,    Card,    Haines   (65) 

Plaut   (75) 

Plant  (75) 

Riddle,  Smith,  Benedict  (82) 
Riddle,  Smith,  Benedict  (82) 

Riddle,  Smith,  Benedict  (82) 

Riddle.  Nussmann,  Benedict  (SI) 
Giaja,  Males  (39) 
Giaja,  Males  (39) 

Long  (62) 

Long  (62) 

Groebbels  (40) 
Groebbels  (40) 

Groebbels  (40) 
Benedict,  Petrik  (17) 
Benedict,   MacLeod   (16) 
Benedict.   Fox  (II) 
Benedict.   Fox  (11) 
Benedict.  Lee  (15) 
Benedict,  Lee  (15) 
Benedict,  Lee  (15) 
Benedict,  Lee  (15) 


*  Different  surface  area  formulas  have  been  used  by  the  different  investigators  for  computing  the 

heat  production. 
t  Cited  by  Benedict  and  iox  (12). 
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The  results  of  the  earlier  investigations  on  the  wild  rat  (17)  were 
confirmed  by  Benedict  and  Fox  (13)  in  1934.  They  also  found  that 
the  wild  rat  succumbed  more  rapidly  during  periods  of  prolonged 
starvation  than  did  the  albino  rat.  .      -i^ 

Another  investigation  which  seems  of  interest  to  the  present  wild 
turkey  work  is  that  of  Benedict  and  Lee  (15)  who  recently  measured 
the  gaseous  exchange  of  four  races  of  mice,  namely:  white,  heavy, 

TABLE  XVII 

Comparison  of  the  Relation  Between  Body  Weight  and  Organ 

Weight  of  Birds  of  Related  or  Allied  Species  of 

Varying  Life  Habits 


Type  of  Bird 


Sex 


Body 
Weight 

Heart 
Ratio 

Grams 

% 

Northern  bobwhite O 

Northern  bobwhite O 

Arizona  sealed  quail  O 

Arizona  sealed  quail  O 

Ring-neek  pheasant  ]    O 

Rlngneek  pheasant  i    Q 

Ring-neck  pheasant  _  — Q 

Rlngneek  pheasant  1    O 

Ring-neek  pheasant  O 

English   pheasant   

English   pheasant   

English   pheasant   .-- -- 

English   pheasant  

Hungarian  partridge   1    Q 

Hungarian   partridge O 

Domestic  pigeon   1 

Ring  dove* Q  O 

Crow 

Tame  duck  — - 

Wild  duck   

Barnyard  cock  

Game  cock   

White  Leghorn  cockerelf  .— 

White  Leghorn  coekerelt  _._ 

White  Leghorn  cockerel 

White  Leghorn  cockerel 

Wild   turkey   poult    _. |    Q 

Wild   turkey   poult    !    O 

Domestic  turkey   

Domestic  turkey 1 


75.7 
186.6 
90.3 
101.6 
48.2 
264.4 
895.7 
1238.2 
1307.8 
900.0 
1000.0 
1100.0 
1205.0 
295.6 
351.1 
340.0 
157.0 
650.0 
2060.0 
770.0 
1336.0 
1663.0 
41.1 


0.259 

0.430 

0.731 

0.551 

0.746 

0.946 

0.569 

0.597 

0.566 

0.611 

0.700 

0,818 

0.744 

0.924 

1.310 

0.882 

1.384 
0.630 
1.060 
0.680 
1.030 
0.742 


Liver 
Ratio 


Lung 
Ratio 


% 


% 


2.23 
1.67 
6.60 

3.80 
2.87 
3.50 
1.12 
1.18 
1.21 


0.640 

0.208 
0.586 
0.580 

0.461 
0.412 
0.711 
0.979 


1.97 
1.95 

2.01 


0.386 
0.382 


477.0  ■     0.555 


2  weeks  .. 
60  days  .-. 


875.0 

0.468 

1317.0 

0.4^ 

71.7 

0.725 

1028.4 

0.536 

\  8750.0 

0.800 

3170.0 

1.000 

3.40 

2.60 

2.30 

1.90 

2.57 
2.07 


0.860 

0.550 

0.480 

0.520 

1.053 
0.612 


♦Average  calculated  from  data  published  on  499  mal"  and  444  female  birds. 

+  Average  from  ten  birds. 

{Average  from  Ave  birds. 

Q=feiiiale. 

0=male. 


Author 


Long  (62) 
Long  (62) 
Long  (62) 
Long  (62) 
Long  (62) 
Long  (62) 
Long  (62) 
Long  (62) 
Long  (62) 

Loer    (60) 

Loer    (60) 

Loer    (60) 

Loer    (60) 

Long  (62) 

Long  (62) 

Loer    (60) 

Riddle  (79) 

Loer    (60) 

Buchanan  (29) 

Buchanan  (29) 

Clark   (34) 

Clark  (34) 

Mitchell.   Card. 
Hamilton  (65) 

Mitchell.    Card. 
Hamilton  (65) 

Mitchell.    Card, 
Hamilton  (65) 

Mitchell.   Card. 
Hamilton  (65) 

Long  (62) 

Long  (62) 

Loer  (60) 

Loer  (60) 
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dwarf,  and  wild.     A  survey  of  their  data  seems  to  indicatp  that  the 
wild  mouse  had  a  higlier  average  maximum  and  minimum  basal  metdb- 
:Z^^  kilogram  of  body  weight  per  2-t  hours  than  the  o^-J  -- 
of  mice  when  measured  in  a  temperature  zone  ot  2S  to  So  degrees 

^'Sanan  (29)  compared  a  wild  duck  weighing  770  grams  with  a 
tame  specimen  weighing  2,060  grams  in  regard  to  oxygen  consump- 
Uon  ctrbon  dioxide  ouTput,  and  pulse  rate.  She  found  the  gaseous 
exchange  considerably  higher  in  the  wilcl  duck  but  that  the  pulse 
rate  was  lower  than  that  of  the  tame  individual. 

The  quantitative  significance  of  the  heat  production  of  the  variou 
interna    organs  is  not  definitely  known.     The  metabolic  intensity  o 
both  organs  and  tissues  probably  differs  among  individuals  and  species 
under  different  environmental  conditions. 

Brody   (25,  26),  who  conducted  extensive  metabolism  research  on 
both  domestic  mammals  and  birds,  suggests  the  possibility  that  the 
visceral  organs  and  tissues  may  be  most  active  under  basal  conditions 
He  also  suggests  that   a  higher  metabolism  in  wid  breeds  may  be 
attributed  to  the  relatively  greater  proportionate  weight  ot  the  visceral 

'I'nedicl  (7)  discusses  the  possible  effects  of  varied  protoplasmic 
conclitions  in  the  tissues  upon  the  basal  metabolism.  The  investigations 
of  Benedict  and  Smith  (19)  show  the  influence  of  a  greater  proportion 
0  muscular  tissue  upon  the  metabolism  in  trained  and  nontrain  c 
athletes  Thev  found  that  the  basal  metabolism  was  higher  in  the 
'rained  huliviclual  having  a  relatively  greater  proportion  of  muscular 

^'o'n  the  other  hand,  Kleiber  (54),  who  agrees  with  Brody  that  metab- 
olism should  be  related  to  weiglit,  calls  attention  to  the  unquestion- 
able influence  of  active  protoplasm  on  the  metabolic  rate,  but  s  ates 
that  it  cannot  explain  the  considerable  influence  of  body  size  on  differ- 

'In'vlet  of  tlirabove  opinions,  the  organ-ratios  of  wild  and  domestic 
birds  are  compared  in  Table  XVll.  The  data  has  been  compih^d  from 
the  literature  and  is  listed  according  to  the  method  outlined  by  Clark 

^^A 'function  of  the  heart  is  to  control  the  circulation  and  to  some 
oxfent  the  distribution  of  the  blood  within  the  body.  By  this  action 
both  the  internal  and  body  surface  temperatures  of  animals  are  main- 
tained and  controlled.  Increased  activity  or  em()tional  excitement 
may  result  in  an  appreciable  increase  in  b(>th  the  l^^Yl'"  ThuTX 
torv  rates,  but  in  only  a  slight  change  in  body  temperature.  J^us,  the 
relation  between  the  heart's  size,  weight  and  capacity  for  blood  and 
the  body  weight  is  a  significant  factor  in  the  measurement  of  metabo- 

'T)er  (60)  investigated  the  relation  between  the  weight  of^the  heart 
and  the  weight  of  the  body  in  483  wild  and  domestic  birds  of  o6  species. 
He  concluded  that  wild  birds  have  a  relatively  larger  heart  than  do- 
mesticated individuals. 
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TABLE  XVlll 

Comparison  of  the  Frequency  of  Heart  and  Respiration  Rate  and 

Body  Temperature  of  Domestic  and  Wild  Birds  as 

Reported  by  Various  Authors  (a) 


TABLE  XVIIl— (Continuect) 


Body 


Bir<l 


Canary    

(Joldflneli    

English  sparrow 

Kingfisher  

Pigeon    

Domestic    hen    

Domestic  duck 

Wild  duek  

Condor    

Peliean     

Domestic  rooster 

Dove   

Sparrow    

Canary    

Domestic  hen  

Domestic   turkey   

Pigeon   

Domestic  duck 

Domestic   goose   

Domestic  turkey 

Domestic    hen    

Pigeon     

Domestic   duck   

Hook     

Hooded    crow    

Buzzard     

Vulture    

Falcon   

House  wren   (male)   _. 


2060.0 
1010.0 


ST.jO  + 
19S0 
22.37 
2.S04 

341 

360 

658 
8310 

960 


House  wren  (female)  .. 


Rol>in 


Chipping  sparrow 


N.  downy  woodpecker 

Hairy   woodpecker   

English  sparrow   

English   sparrow   

English   sparrow   

IMuejay   

Bluejay   

Baltimore   oriole 

Starling    

Bronze  grackle  

Red  shouldered  hawk  . 

Marred  owl   

iiarn   owl  


13.2 
19.5 
27.1 
69.1 
73.7 
27.3 


Body 
Weight 

Temp- 
era- 
ture (c) 

Heart  j 
Rate 

Grams 

°C 

Per  i 
Minute 

20.0 

1000 

16.0 

920 

24.0 

800 

42.0 

440 

300.0 

185 

3000.0 

304 

41.2 
40.8 
42.0 
42.0 

40..") 


40.2 

40.6 

41.1 

41.1 

42.8 

41.7 

40.9 
42.7 
42.2 
41.7 
42.9 
41.9 
43.2 


1O0.5 

43.0 

306.0 

43.0 

40.6 

40.4 

240 
185 


93 
312 
244 
212 
380 
378 
301 
199 
347 


Res- 
pira- 
tion 
Rate 


Per 
Minute 


Notes 


Author  (b) 


Young 


6 
4 
12 
30 
90 
100 
20 
14 
26 
22 
16 


112 

92 

45 

83 

131 

129 

104 

140 

94 

69 

78 

107 

84 

55 

34 

142 

184 


Inactive   . 

Inactive   . 

Inactive   . 

Inactive   . 

Inactive   . 

Inactive   . 

Average   . 

Average   . 

Average   . 

Average   . 

Average   . 

Average   . 

Average  . 

Average 

Average 

Average 

Average 

Average 

Average 

Average 

Average 
number  

Average    of    a 
number  

•Average  9  records  _ 
Average  12  records 

Adult    

Adult    


of    a    large 
large 


Buchanan  (27.  28) 
Buchanan  (27.  28) 
Buchanan  (27.  28) 
Buchanan  (27,  28) 
Buchanan  (27,  28) 
Buchanan  (27.  28) 
Buchanan  (27.  28) 
Buchanan  (27.  28) 
Bert  (22) 
Bert  (22) 
Bert  (22) 
Bert  (22) 
Bert  (22) 
Bert  (22) 
Loer    (59) 
Loer    (59) 
Loer    (59) 
Loer    (59) 
Loer    (59) 
Stiibel    (87) 
(87) 
(87) 
(87) 
(87) 
(87) 
(87) 
(87) 
(87) 
K  e  n  d  e  i  g  h 


Immature   

Adult  

Adult  

Average  4  records  . 
.\verage  6  records  .-. 
Average  2  records  ... 

Average  4  records  _.. 
Imm.  Aver.  5  records 

Adult  6  re.''ords 

Adult  4  records 


Stiibel 

Stiibel 

Stiibel 

Stiibel 

Stiibel 

Stiibel 

Stiibel 

Stiibel 

Baldwin, 
(d)   (2) 

Baldwin. 

(d)  (2) 
Baldwin. 

(d)  (2) 
Baldwin. 

(d)  (2) 
Baldwin, 

(d)  (2) 
Baldwin. 

(d)   (2) 

Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)   (61) 


Kendeigh 
Kendeigh 

Kendeigh 

Kendeigh 

Kendeigh 


Bird 


Body 
Body     Temp- 
Weight     era- 
ture  (e) 


Res- 
Heart  pira- 
Hate       tion 

Rate 


Grams       °C 


Great  horned  owl 

Black-backed  pelican  --  r)090 

lirown  pelican  3510 

Bearded    vulture    5070 

(Jreat  horned  owl 1450 

American  bittern (iJO 

Domestic  turkey 

Domestic  turkey 

Domestic  turkey 

Northern  bobwhite 11.4 

Nortliern  bobwhite 75. S 

Hing-neck  pheasant   .-. 

Hing-neck  pheasant   ... 

Ring-mck  pheasant  ..-  18.3 

Ring-neck  phea.sant   .—  19.0 

iiiuigarian    partridge   .  8.7 

Northern    bobwhite    -_-  K)1.2 

Northern    liobwhite    _--  150.4 

Northern    bo»>whit»'    ._-  \>-'>.-l 

Northern    bobwhite    ---  1S4.-2 

Nortliern    bobwhite    ...  196.4 
Northern    bobwhite    ... 

Arizona  scaled  quail  ..  202.8 

Arizona  sealed  quail  .-  162.2 

Plumed    quail    145.4 

Plumed    quail    195.0 

Hungarian  partridge  ..  310.4 

Hungarian  partridge  .-  262.4 
Pheasant   (English)   ... 
itingneek  pheasant  _-. 

Uing-neck  pheasant   ... 

liing-neck  pheasant  ...  2  se.xes 
liing-neck  pheasant  _.-  2  sexes 


Per         Per 
Minute  Minute 


41.2 
40.5 
41 .0 
39.7 
.•!9.8 
39,5 
41.2 
42.7 
42.6 
41.5 


41.9 

43.0 
42.5 


223 


252  50 

(Deecfnber) 
(February) 


41.8 

462 

74 

36.7 

(H 

en  h 

itched) 

39.6 

(H 

en  h 

atched) 

39.7 

(H 

en  hatched) 

1 

39.3 

Incub. 

44 

:is.;i 

Incub. 

53 

41.9 

322 

64 

43.0 

100 

42.9 

117 

42.9 

139 

43.4 

142 

42.6 

43.2 

170 

42.9 

84 

43.0 

402 

89 

43.8 

92 

41.9 

192 

52 

42.2 

264 

44 

42.6 

1 

40.7 

298 

1          41 

Adult  6  records 

Average  2  records  .— 
Average  3;  records  ... 
Average  3  recor<is  ... 
.Average  2  records  .— 
.Vverage  1  record 


Average  6  records  6 
days  

Average  6  records  6 
weeks  

Average  6,  5-80  min- 
utes old  

Average   6.    5    hours 

old    

Average  13,  20  hours 

old    

Average  16,  24  hours 

old    

Average  12.  24  hours 

old    

Average  8  records  10 

weeks  

6  months  

.\dult-trapped  

Adult-trapped  

Adult-trapped  

Average  25  birds 

Adult  

Adult  

Adult  

Adult  ^ 

Adult  

Adult  

Average  of  Q.  O 

Average  6  records  3 
weeks  

Average  6  records  4 
weeks  

Average  70  birds 

Average  60  birds 


Author  (b> 


Long  (f)  (61) 
Benedict,  Fo.x  (10) 
Benedict,  Vox  (10) 
Benedict,  Fo.x  (10) 
Benedict.  Fo.x  (10) 
Benedict,  Fox  (10) 
Loer    (60) 
Pembrey  (73> 
Davy  (35) 

Long   (61) 

Long   (61) 

Smith.  19.38  (g,   f) 

Smith,  193S  (g,   f) 

Smith,   1938  (g,   f) 

Long  (f)  (61) 

Long  (f)  (61) 


Long  (f)  (61) 
Long  (f)  (61) 
Long  (f) 
Long  (f) 
Long  (f) 
Stoddard 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Long  (f)  (61) 
Loer    (60) 

Long  (f)  (61) 

Long  (f)  (61) 
Bennett  (21) 
Bennett  (21) 


(61) 
(61) 
(61) 
(e) 


(86) 


(a)  Reference  must  be  made  to  the  literature  for  infornuition  as  to  the  experimental  technique 
and  other  conditions  under  which  the  physiological  records  were  obtained. 

(b)  Partial  review  of  the  literature. 

(c)  Chiefly  rectal  temperatures. 

(d)  Temperatures  taken  in  proventrieulus. 

(e)  Temperatures  taken  immediately  after  death  by  shooting. 

(f)  Temperatures  taken  in  gizzard. 

(g)  Robert    Smith,    graduate   student.    School    of    Forestry    and    Conservation,    University   of 
Michigan. 

0=female. 
Q=male. 
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In  his  study  of  the  physiology  of  the  lieart,  Clark  (34)  gives  compara- 
tive records  of  the  heart  weights  of  a  large  number  ot  wdd  and  domes- 
tic animals.  He  shows  when  at  rest  that,  compared  to  body  size, 
animals  with  small  hearts  have  a  relatively  rapid  pulse,  wliile  animals 
with  comparatively  larger  hearts  have  a  relatively  slower  heart  rate. 
Stiibel  (87)  shows  the  heart  beats  to  be  more  frequent  in  sma  1  birds 
than  in  larger  ones.  That  the  heart  rate  is  correlated  with  vital 
activitv  and  an  important  agent  in  ecpializing  the  body  temperature 
in  birds  is  shown  by  Groebbels  (42),  who  reviews  the  literature  on 
respiration,  heart  rate,  and  body  temperature  for  a  large  group  of  both 
domestic  and  wild  species  of  birds.  Latimer  and  Rosenbaum  (ob)  and 
Latimer  (57)  made  quantitative  studies  of  the  weight  and  length  ot 
the  body,  parts,  systems,  and  organs  of  12  bronze  turkey  hens.  Ihey 
found  tiiat  the  heart  had  the  second  highest  positive  correlation  with 
the  body  weight,  whereas  the  liver  ranked  eighth.  A  smaller  positive 
correlation  was  found  for  the  lungs  and  trachea.  ^ 

A  part  of  the  data  given  in  the  literature  has  been  reviewed  and 
compiled  in  Table  XVIII,  where  comparisons  are  made  of  the  vital  ac- 
tivities of  a  large  number  of  wild  and  domestic  birds. 

The  significance  of  the  lungs,  particularly  their  weight  and  size, 
in  metabolism  measurements  is  not  clearly  understood.  In  birds 
the  lungs  and  air  sacs  are  the  principal  organs  of  respiration 
supplying  oxygen  to  the  blood  and  removing  carbon  dioxide  and  water 
vapor  Through  the  process,  the  lungs  become  directly  involved  in 
the  loss  of  heat  from  the  body.  Dififerences  in  the  frequency  of  in- 
spiration and  expiration  in  birds  probably  is  due  partly  to  the  air 
capacity   and  size   of   the   lungs   and   partly   to   individual   modes   of 

breathing. 

In  considering  the  cellular  activity  of  the  organs  of  the  bod\',  the 
functions  of  the  liver  are  most  important.  In  addition  to  its  action 
of  secreting  bile  and  forming  uric  acid  in  birds,  the  liver  has  a  special 
function  in  metabolism  concerned  with  the  formation  and  storage  of 
glycogen.  The  glycogen  content  in  the  liver  has  been  found  to  be 
fnfluenced  by  muscular  activity,  body  temperature,  the  kind  of  food 
eaten,  starvation,  and  possibly  the  amount  of  water  ingested.  Another 
function  of  the  liver  is  the  maintenance  of  the  sugar  in  the  blood  at 
a  level  which  meets  physiological  needs.  It  has  been  demonstrated 
with  various  animals  by  a  number  of  investigators  that  the  small  sup- 
ply of  glycogen  in  the  liver  becomes  exhausted  during  starvation. 
The  same  condition  has  been  found  to  exist  in  wild  game  birds  where 
determinations  were  made  of  the  amount  of  glycogen  in  the  livers  of 
normally  feeding  and  fasting  birds. 

Long  (62)  found  in  metabolism  studies  at  28.0  degrees  Centigrade 
(82.4  degrees  Fahrenheit)  that  a  healthy,  normal  weight,  adult  bob- 
white  had  an  average  daily  heat  production  of  833  calories  per  square 
meter  of  body  surface.  On  the  other  hand,  a  bobwhite  undergoing 
prolonged  starvation  lost  38.23  per  cent  of  its  initial  body  weight  with- 
in 156  hours.  The  daily  heat  production  of  this  bird  amounted  to  only 
563  calories  per  square  meter  of  body  surface,  a  decrease  of  32.4  per 
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cent      The  liver  glvcogen  of  the  fasting  bird  was  approximately  80 
per  cent  less  than  that  of  the  well-nourished  bird. 

Honevwell  (48)  demonstrated  that  blood  sugar  in  pigeons  markedly 
increased  when  the  birds  were  emotionally  excited  by  sudden  or  rough 
handling  in  the  laboratory  or  by  loud  noises  or  talking,  and  in  one 
case  bv  a  bird  fiving  around  the  room.  In  each  case  emotional  gly- 
cemia  resulted.  From  this  it  was  concluded  that  environmenta  adjust- 
ments  involve  changes  in  the  concentration  of  blood  sugar  in  the  bod>^ 
In  view  of  the  importance  of  the  liver  in  metabolism,  the  liver-weight 
ratios  of  different  birds  are  given  in  Table  XVII,  page  44. 

Description  of  Respiration  Apparatus 

The  metabolism  of  the  two  strains  of  turkey  poults  was  measured 
in  a  respiration  apparatus  especially  constructed  to  study  temperature 
regulation,  neuromuscular  reaction,  body  weight,  oxygen  consump- 
tioli,  carbon  dioxide  production,  and  water  vapor  excretion  of  birds 
subiected  to  controlled  environmental  conditions. 

The  whole  apparatus  consists  of  the  respiration  chamber  with  its 
several  functioning  units,  the  temperature  and  light  control  cabinet 
surrounding  it,  the  absorption  train  and  spirometer  The  schematic 
plan  of  this  apparatus  has  been  described  elsewhere  by  Long  (63). 

In  o-eneral,  the  respiration  apparatus  is  a  combination  ot  the  open- 
circui^t  principle  with  the  closed-circuit  principle  ot  Regnault  and 
Reiset  (76)  This  combination  allows  for  the  measurement  ot  the 
carbon  dioxide  production  alone,  or  direct  and  indirect  measurement 
of  oxvc^en  consumption,  vaporization  of  water,  and  determination  ot 
the  w'ei'ght  of  the  animal  in  the  respiration  chamber  at  any  time  during 

an  ex])eriment.  ..,<.,  . 

In  most  experiments  the  open-circuit  principle  ot  .he  apparatus  was 
used  to  determine  the  metabolism  of  the  turkey  poults.  Lnder  these 
conditions,  the  animal  is  sealed  in  the  respiration  chamber  where  the 
air  is  constantly  changed  by  a  suction  pump  operating  at  the  end  ot 
the  ventilating  svstem.  The  incoming  air,  drawn  to  the  respiration 
chamber  from  the  outdoors,  or  laboratory,  by  the  pump  passes  first 
through  a  long  pyrex  glass  tube  containing  absorbents  which  remove 
all  carbon  dioxide^  (and  moisture  when  desired)  from  the  air  before  it 
enters  the  animal  chamber.  Hence  the  air  drawn  from  the  chamber 
contains  principally  the  respiratory  products  of  the  animal  and  the 
unabsorbed  oxvgen.  After  leaving  the  chamber  the  air  passes  through 
a  series  of  five  absorption  tubes  where  tlie  respiratory  products  are 
collected  for  weighing.  Leaving  the  absorption  train,  the  air  then 
passes  through  an  indicator  which  registers  the  rate  of  air  flow  through 
the  respiration  chamber.  Finally,  the  carbon  dioxide-and-mois  ure- 
free  air  passes  tlirough  the  outlet  pipe  of  the  pump  into  the  aboratory. 
Thus  in  this  tvpe  of  apparatus,  the  animal  is  always  supplied  with  a 
normal  amount  of  oxygen  in  the  circulating  current.  The  amount  ot 
oxvgen  absorbed  by  the  animal  throughout  an  experinient  may  be  indi- 
rectTy  determined  by  the  method  originally  described  by  Haldane  (44). 
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The  heat  production  of  the  poults  was  measured  primarily  by  de- 
termining the  carbon  dioxide  production  in  experiments  where  the 
birds  had  fasted  for  at  least  24  hours  before  each  test.  In  some  experi- 
ments the  respiratory  quotient  was  found  by  determmm-  the  carbon 
dioxide  production,  water  vapor  excretion,  oxygen  consumption,  and 
chan-e  in  body  wei-ht  of  the  experimental  poult,  or  by  measuring  the 
oxygen  consumption  of  the  poult  directly  by  using  a  spirometer  in  a 
closed-circuit  respiration  apparatus. 

The  calorific  values  of  oxygen  and  carbon  dioxide  for  nonprotein 
respiratory  quotients  given  by  Carpenter  (33)  were  used  in  calculating 
the  heat  production.  The  results  of  the  experiments  are  given  as  the 
total  dailv  heat  production  and  the  daily  heat  production  per  square 
meter  of  body  surface.  In  calculating  the  heat  production  per  square 
meter  of  surface,  the  Meeh  formula  was  used,  S=K  x  \\  ~A,  where  h 
equals  the  surface  area  in  sciuare  centimeters,  K  the  surface  area  con- 
stant valued  at  10  (after  Benedict),  and  W  the  body  weight  in  grams. 
Following  the  technique  of  Benedict  (8),  tests  for  leaks  in  the  air 
system  were  made  at  difit'erent  times.  The  accuracy  of  the  respiration 
apparatus  for  measurements  of  the  respiratory  products,  oxygen  con- 
sumption, and  heat  production  of  animals  was  demonstrated  by  making 
both  alcohol  and  physiological  tests.  The  procedure  followed  and  the 
results  obtained  from  these  tests  are  described  by  Long  (63). 

The  respiration  chambers,  rectangular  or  cylindrical  glass  jars  with 
flat,  ground  flanges,  varied  in  size  in  order  to  accommodate  different 
sized  poults  comfortably  and  to  reduce  the  volume  of  air  around  the 
specimens. 

The  covers  were  of  heavy  plate  glass,  ground  air-tight  on  one  side, 
which,  when  properlv  installed  in  the  chamber,  provided  a  hermetically 
sealed  container  for^he  cage  and  bird.  In  some  experiments  multiple 
chambers  were  used,  each  containing  different  strains  of  wild  poults. 
Thus,  the  metabolic  rate  and  muscular  activity  Avere  measured  simul- 
taneously under  exactly  the  same  environmental  conditions. 

Each  chamber  was  equipped  with  a  thermocouple  for  determination 
of  the  temperature  inside  the  jar.  The  thermal  junction  was  attached 
to  the  air-exit  tube.  A  mercurial  thermometer  was  also  attached  to  the 
side  of  the  bird  cage  at  the  level  of  the  bird.  The  humidity  of  the 
chamber  was  obtained  through  the  use  of  a  calibrated  hair  hygrometer 
attached  to  a  wall  of  the  glass  chamber.  Due  to  the  glass  construction 
of  the  chamber,  the  poults,  thermometer,  hygrometer,  and  activity 
recording  mechanisms  are  open  to  inspection  at  any  time.  Visibility 
of  the  chamber  was  made  possible  by  the  use  of  special  lighting  equip- 
ment in  the  control  cabinet. 

For  ventilating  purposes  a  small  rotary  pump  was  used  to  circulate 
the  air  throughout  the  sj'stem.  It  was  firmly  housed  in  a  container 
constructed  of  heavy  brass  walls  where  it  was  immersed  in  cylinder 
oil,  which  served  as  a  cooling  medium  and  as  an  indicator  of  leaks  in 
the  pump.  The  temperature  of  the  pump  was  controlled  by  circulating 
cold  water  through   coiled  pipes  installed  in   the  oil  bath.     The  rate 
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at  which  air  passed  through  the  animal  chamber  was  indicated  by  a 
special  type  of  calibrated  air-flow  meter. 

The  rate  of  ventilation  varied  according  to  the  size  and  number  of 
poults  in  the  chamber  and  the  objective  of  the  experiments  The  venti- 
lating- air  current  used  in  this  work  ranged  from  dOO  to  o,000  cc.  per 
minule  When  the  water  vapor  given  off  by  the  poult  was  measured, 
the  rate  of  air  passing  through  the  chamber  was  increased. 

The  chamber  was  ventilated  for  about  thirty  minutes  preceding  the 
time  when  the  air  was  deflected  through  the  absorbing  train.  The 
period  of  preliminary  ventilation  depended  somewhat  upon  the  time 


Figure  10.     Wild   turkey  hen   on  nest. 


required  for  the  respiration  chamber  temperature  to  approximate  that 
of  the  control  cabinet.  During  the  time  required  to  balance  the  tem- 
perature of  the  chamber  and  the  cabinet,  the  bird  in  the  chamber 
usually  accustomed  itself  to  cage  conditions. 

The  bird  cages  used  in  the  turkey  work  varied  in  size,  but  corre- 
sponded to  that  of  the  different  specimens  and  the  respiration  chamber. 
Made  of  light-weight  wire,  each  was  suspended  from  the  top  ot  the 
chamber  cover  in  such  a  manner  as  to  avoid  friction  with  the  walls  ot 
the  chamber  and  to  prevent  "bouncing,"  which  ordinarily  might  result 
following  a  period  of  activity. 
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The  iH'Mt  i)nKliu'ti()n  of  tlio  poults  was  nH'asnml  primarily  by  do- 
torminin-  the  carbon  dioxide  prodiu-lion  in  oxpcrnnc'iUs  wiicro  the 
birds  bad  fasted  for  at  b'ast  24  bonrs  before  eaeb  test.  In  some  experi- 
ments llie  respiratory  (|Uolient  was  found  by  (h'terminino-  tbe  carbon 
dioxicb'  production,  "water  vai)or  excretion,  oxy-en  consumptum,  and 
eban-e  in  bodv  w<Moi,l  cf  tlie  exi)erimental  |)ouit,  or  by  measurin-  tlie 
oxyo-en  consnmplion  of  Hie  i)oult  directly  by  using  a  spirometer  m  a 
ehlsed-circuit  res|)iration  ai)paratus. 

The  calorific  values  of  oxyo-en  and  carbon  dioxide  for  noni)roteni 
respiratory  quotients  o-iven  by  Carpenter  (33)  were  used  in  calculating: 
the  li.>at  iM-oduction.  The  results  of  the  experiments  are  o'lyen  as  the 
total  daily  beat  production  and  the  daily  heat  production  per  scpuire 
meter  of  body  surface.  In  calcuiatino-  the  heat  production  per  sfpiare 
meter  of  surface,  the  Meeh  formula  was  used,  S=K  x  \\  - .^  where  N 
ecnuils  the  surface  area  in  s(|uare  eent  i.neters.  K  the  surface  area  con- 
stant yalued  at  10  (after  Benedict),  and  W  the  body  wei-ht  in  o-rams. 
Followino'  the  techni(iue  of  l^uiedict  (S),  tests  for  leaks  in  the  air 
system  were  made  at  different  times.  The  accuracy  of  the  respiratnm 
apparatus  for  measurements  of  tiu^  resj^iratory  products,  oxy-en  con- 
sumption, and  heat  production  of  animals  was  demonstrated  by  makinp: 
both  alcohol  and  physiolo«»-ical  tests.  The  procedure  followed  and  the 
results  obtained  from  these  tests  are  described  by  Lono-   (()3). 

The  residration  chaml)ers,  rectangular  or  cylindrical  glass  jars  with 
flat,  ground  flanges,  varied  in  size  in  order  to  accommodate  dilterent 
size(ri)oults  cuuifortably  and  to  reduce  the  volume  of  air  around  the 
specimens. 

The  covers  were  of  heavy  ]date  glass,  ground  air-tigbt  on  one  side, 
wbicli,  when  properly  installed  in  the  chamber,  provided  a  hernu'tically 
sealed  container  for'tlie  cage  and  bird.  In  some  experiments  multiple 
chambers  were  used,  each  containing  different  strains  of  wild  pcudts. 
Thus,  the  metabolic  rate  and  muscular  activity  Avere  nieasured  simul- 
taneously uiuler  exactly  the  same  environmental  conditions. 

Each  chamber  was  ecjuipped  with  a  thermocouple  for  determination 
of  the  temperature  inside  the  jar.  Th"  thermal  junction  was  attached 
to  the  air-exit  tube.  A  mercurial  thermometer  was  also  attached  to  the 
side  of  tbe  bird  cage  at  the  level  of  the  bird.  The  humidity  of  the 
chamber  was  obtained  tbrougb  tbe  use  of  a  calibrated  hair  hygrometer 
attached  to  a  wall  of  the  glass  cliamber.  Due  to  the  glass  construction 
of  the  ebamber.  the  ])oults.  thermometer,  hygrometer,  and  ^n'tivity 
recording  mechanisms  are  oi)en  to  insi)ection  at  any  time.  A'isibility 
of  the  ciramber  was  made  possible  by  the  use  of  special  lighting  e<piip- 
ment  in  tbe  control  cabinet. 

For  ventilating  jiurposes  a  small  rotary  pump  was  used  to  circulate 
the  air  throughout  the  system.  It  was  iii-ndy  housed  in  a  container 
constructed  of  heavy  brass  walls  wliei-e  it  was  immersed  in  cylindei- 
oil,  winch  served  as  a  cooling  medium  and  as  an  indicatoi-  of  leaks  in 
tbe  pump.  The  temjierature  of  the  pump  was  <M>nt  rolled  by  circulating 
cold   water  through   coiled    |)i))es   installed    in    the   oil   bath.      The   rate 
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at  which  air  passed  through  tbe  animal  chamber  was  indicated  by  a 
special  tvpe  of  calibrated  air-flow  meter. 

The  rate  of  ventilation  varied  acccu'ding  to  tbe  size  and  number  of 
poults  in  the  ebamber  and  the  objective  of  tbe  experiment^  The  venti- 
latino-  air  current  used  in  this  work  ranged  from  .)()()  to  .),0()0  cc.  per 
minme  When  the  water  vaix.r  given  off  by  the  poult  was  measured, 
the  rate  of  air  passing  through  the  clunnber  was  increased. 

The  chamber  was  ventilated  for  about  thirty  minutes  preceding  the 
time  when  tiie  air  was  deflected  through  the  absorbing  tram.  1  he 
period  of  preliminary  ventilation  dei)ende(l  somewhat  upon  the  time 


FiKiire    1».     WiUl   turkey   hen   on   nest. 


required  for  the  respiration  chamber  temi)era1ure  to  ai)proximate  that 
of  the  control  cabinet.  During  the  time  refpiired  to  balance  t lie  tem- 
l)erature  of  the  chand)er  and  the  cabinet,  the  bird  m  the  cliamber 
usually  accusti^med  itself  \<)  cage  conditions. 

The' bird  ca^vs  used  in  the  turkey  w(U-k  varied  in  size.  l)Ut  corre- 
sponded to  tha't  of  the  different  specimens  and  the  respiration  chamber. 
Made  of  light-weight  wire,  each  was  suspended  from  the  to])  o  the 
chamber  cov.u-  in  such  a  manner  as  to  avoid  fricti.m  with  the  walls  (jt 
the  chamber  and  to  prevent  "bouncing."  which  ordinarily  might  result 
following  a  period  of  activity. 
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INTENTIONAL  SECOND  EXPOSURE 


A  simplified  diajyram  illustrating  the  principles  used  in  measuring 
the  activity  of  the  poults  is  figured  elsewhere  by  (lerstell  (Figure  2, 
page  11),  while  a  complete  technical  description  of  the  activity 
rec'order  and  bird  cage  is  given  by  Long  (63).  In  general,  the  device 
graphically  records  the  kind,  intensity,  and  duration  of  each  and  every 
period  of  activity  manifested  by  the  birds  in  the  respiration  chamber 
(Figure  3,  page  12). 

AVhen  metabolism  tests  of  the  two  strains  of  turkey  poults  were 
made  at  the  same  time,  two  respiration  chambers  and  two  sets  of 
activity  recorders  were  used.  The  graphic  records  of  activity  of  the 
two  poults  under  these  conditions  were  made  on  the  same  kymograph 
paper,  one  above  the  other,  permitting  quick  comparisons  of  the 
activity  of  the  birds. 

The  temperature  and  light  control  cabinet  is  designed  to  produce 
and  maintain  constant  environmental  conditions  within  the  respiration 
chamber  during  metabolism  tests. 

Approximately  forty  inches  long,  thirty  inches  Avide,  and  thirty-four 
inches  high,  the  unit"^  is  insulated  with  three  inches  of  cork,  which 
greatly  reduces  heat  and  sound  transmission.  Temperatures  ranging 
from  — 40  to  +125  degrees  Fahrenheit  are  produced  by  electrically 
operated  mechanical  devices  with  thermostatic  controls.  Varied  light 
conditions  are  afforded  by  means  of  electric  bulbs  operated  by  rheo- 
stats. 

Experimental  Technique 

Muscular  activity  and  environmental  temperature 

In  this  report  the  normal  activity  of  the  wild  turkey  poults  is  con- 
sidered to  be  extremely  important  from  two  points  of  view.  The 
graphic  records  of  activity  obtained  during  an  experiment  are  used 
both  as  a  basis  for  comparing  the  energetic  action  of  the  two  strains 
of  turkey  poults  and  as  a  method  of  determining  the  influence  of  mus- 
cular activity  on  the  metabolic  jate.  The  results  obtained  therefrom 
are  regarded  as  extremely  significant  in  the  solution  of  the  original 
problem. 

It  is  usually  customary  to  measure  the  basal  metabolism  of  birds 
either  in  the  dark  during  the  daytime,  which  has  a  tendency  to  restrain 
normal  activity,  or  in  the  dark  during  the  night,  which  further  reduces 
the  influence  of  activity  on  the  metabolic  rate. 

The  metabolism  of  different  wild  and  domestic  birds  has  been  found 
to  be  15  per  cent  to  50  per  cent  higher  during  the  daytime  than  during 
the  night.  That  such  reductions  in  the  metabolism  of  birds  occur 
during  the  night  is  pointed  out  by  Groebbels  (40),  Terroine  and  his 
associates  (88),  Benedict  and  Riddle  (18),  Kayser  (51),  Bacq  (1), 
Brody  (25),  Herzog  (47),  Benedict,  Landauer,  and  Fox  (14),  Burkard, 
Dontcheff  and  Kaj'ser  (32),  Benedict  and  Fox  (12),  and  Scharnke  (84). 

The  recent  discovery  of  Barott  and  his  associates  (6)  that  the  basal 
metabolism  of  newly  hatched  domestic  chicks  shows  a  marked  diurnal 
variation  is  most  significant  to  this  report.    They  found  that  the  maxi- 
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mum  energy  metabolism  of  the  chicks  occurs  at  about  8  a.  m.  and  the 
minimum  at  about  5  p.  m. 

In  addition  to  the  factors  mentioned  above,  environmental  temper- 
ature also  influences  the  metabolism  of  birds.  However,  the  specific 
efforts  of  varied  environmental  temperatures  upon  the  metabolism  and 
behavior  of  the  turkey  poults  is  not  reported  herewith,  as  the  experi- 
ments were  conducted  in  temperature  zones  where  metabolism  is  be- 
lieved to  be  essentiallv  minimum.  The  significance  of  these  zones  in 
metabolism  studies  is\lescribed  by  Giaja  (38),  by  Benedict  (9),  by 
Benedict  and  Fox  (12),  by  Kleiber  and  Dougherty  (55),  by  Barott, 
Byerly,  and  Pringle  (5),  and  by  Mitchell  and  Haines  (67). 

The  experimental  temperatures  maintained  in  the  respiration  cham- 
ber for  poults  of  different  ages  are  summarized  in  Table  XIX.  The 
humidity  of  the  chamber  varied  from  60  per  cent  to  70  per  cent,  while 
the  carbon  dioxide  and  oxygen  content  was  approximately  1  per  cent 
to  21  per  cent  respectively.  The  poults  were  brooded  at  the  same  tem- 
peratures used  during  metabolism  tests. 

TABLE  XIX 

RespiratioxN  Chamber  Temperatures  I^sed  During  Metabolism 
Tests  of  Different  Aged  Turkey  Poults 


Poult  Age 
(Days) 

Environmental  Temperature 
(Chamber  or  Outside  Brooding) 

2-9 

9-20 
20-^ 

°C. 

35.5 
32.2 
31.1 

28.0 

9^5.9 
89.9 
87.9 
82.4 

Since  the  metabolism  of  the  two  strains  of  turkey  poults  was 
measured  in  an  optimum  environment  where  physiological  processes 
are  considered  to  be  indepent  of  ordinary  changes  in  environmental 
temperature  and  where  the  minimum  metabolism  is  believed  to  prevail, 
any  differences  observed  in  the  degree  and  intensity  of  activity  may 
be'of  some  importance  in  differentiating  between  the  strains  of  poults. 

Measurement  of  activity.  Available  space  will  not  permit  the  in- 
clusion of  a  complete  review  of  the  literature  on  methods  used  to  record 
the  muscular  activity  of  animals  in  metabolism  experiments,  but  a  few 
are  briefly  described'  in  the  following  paragraphs. 

Benedict  and  Talbot  (20)  were  partially  successful  in  measuring  the 
movements  of  children  during  metabolism  tests  when  a  'Svork  adder 
device"  was  used.     Mitchell  and  Haines   (68)   used  a  similar  method 
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when  moasurin*-'  tlie  metabolism  of  domestic  fowl.     They  believed  the 
results  of  the   activity  records   were  purely   of  relative  significance 
serving?  to  assure  the^  comparability  of  activity  during  experimental 
periods. 

A  comprehensive  description  of  a  method  to  record  activity  in  metab- 
oli^sm  tests  is  given  bv  Benedict  and  MacLeod  (16).  They  include  a 
quantitative  method  for  interpreting  the  activity  curve  provided  from 
tlie  use  of  a  recording  tambour  writing  pen  and  a  rotating  kymograph. 
Tlie  activity  record  is  analyzed  on  a  basis  of  numerical  values  assigned 
to  three  classes  of  activity,  namely,  the  Value  I  represents  least 
activity;  the  Value  JI.  moderate  or  intermediate  activity,  and  the 
Value  "in,  the  maximum  degree  of  activity.  Dukes  (36)  used  the  same 
values  when  calculating  the  activity  of  domestic  fowl  during  metab- 
olism investigations. 

Such  evaluations  of  the  cage-activity  of  animals  are  based  on  visual 
inspection  of  the  activity  record.  No  actual  quantitative  or  qualitative 
values  are  reported.  The  limits  where  "least  activity"  becomes  "inter- 
mediate," or  where  "moderate  activity"  is  considered  "excessive"  are 
not  described.  Records  that  show  excessive  activity  during  metabolism 
tests  are  sometimes  disregarded  and  the  heat  values  resulting  from 
such  tests  not  reported.  This  is  due  to  the  belief  that  basal  metabolism 
is  non-existant  when  the  animal  is  extremely  active.  Nevertheless, 
Benedict  and  Fox,  (12,  14)  reported  the  percentage  of  muscular 
activity  of  birds  during  metabolism  determinations,  thus  providing 
valuable  data  which  may  be  used  in  comparative  studies  of  animal 
activity. 

The  activity  record  of  an  animal  is  usually  obtained  by  the  use  of 
glazed  paper  which  has  first  been  smoke-blackened,  then  placed  on  a 
rotating  kymograph  drum.  The  body  movements  of  the  animals  in 
the  respiration  chamber  are  reproduced  on  the  paper  through  the 
use  of  tambours  and  recording  pens.  If  the  animal  is  quiescent  during 
the  experiment,  a  straight  line  results  on  the  paper,  but  when  the 
animal  moves  the  Avriting  pen  records  the  movements  on  the  paper. 
Another  method  used  in  summarizing  the  amount  of  cage-activity  is 
that  of  determining  the  percentage  of  experimental  time  during  which 
the  animal  is  either  active  or  inactive.  Thus,  this  method  permits  a 
comparison  of  the  percentage  activity  of  one  animal  with  that  of 
another. 

All  activity  records  obtained  during  the  turkey  experiments  were 
written  on  standard  cross-section  millimeter  paper.  By  the  use  of 
such  paper  and  by  standardizing  the  speed  of  the  kymograph,  the  total 
activity,  the  number  and  the  duration  of  active  periods  are  easily 
calculated. 

A  straight  line  written  on  the  record  during  an  experiment  indicated 
that  the  bird  was  inactive.  On  the  other  hand,  when  the  poult  was 
active,  vertical  deviations  from  the  straight  line  w^re  recorded.  The 
height  of  these  deviations  correspond  to  the  intensity  of  bird  move- 
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ment.  Since  the  lever,  fulcrum,  and  writing  pen  of  each  recording 
device  were  unchanged  during  an  experiment,  it  was  possible  to  calcu- 
late the  intensity  of  muscular  activity  by  measuring  the  length  of  the 
mark  on  the  record,  though  this  data  is  not  herein  analyzed. 

By  watching  at  the  same  time  the  body  movements  of  the  bird  in  the 
animal  chamber  and  the  pen  recording  the  body  movements  on  the 
kymograph  record,  difi'erent  types  of  activity  may  be  correlated  and 
classified  with  different  marks  on  the  record.  This  is  illustrated  by 
kymograph  record  No.  1  shown  by  Gerstell. 

The  total  activity  of  each  poult  per  experimental  period  is  expressed 
as  the  percentage  of  time  the  bird  was  active  in  the  chamber.  The 
total  number  of  active  periods  per  poult  is  determined  by  counting 
each  break  or  mark  on  the  straight  line.  The  average  frequency  of 
occurrence  of  active  periods  manifested  by  the  bird  is  expressed  in 
seconds  of  experimental  time.  P^r  example,  an  active  period  occurred 
every  50  seconds  per  hour  of  experiment.  The  average  duration  of 
each  active  period  originally  recorded  in  millimeters  on  the  cross- 
section  paper  by  the  use  of  the  writing  pen  has  been  reduced  to  seconds 
of  experimental  time  and  are  so  indicated  in  the  data.  For  example, 
the  experimental  time  for  the  poult  to  stretch  its  neck  or  indulge  in 
other  forms  of  activity  required  two-tenths  of  one  second. 

Methods  of  testing.  A  total  of  24  wild  turkey  poults  were  used  in 
the  investigations.  The  majority  of  the  experiments  were  made  in 
the  dark  between  9:00  a.  m.  and  noon,  though  a  few  were  made  in 
the  afternoon.  Thus,  the  metabolism  of  birds  of  the  same  age  from 
each  breeding  strain  were  measured  at  the  same  hour  of  day.  The 
metabolic  results  of  experiments  conducted  in  the  light  and  during  the 
night  have  not  been  reported  here. 

The  majority  of  the  tests  were  made  with  turkey  poults  that  were 
in  the  post-absorptive  state,  food  having  been  withheld  for  24,  30,  48, 
and  72  hours.  Several  tests  were  made  immediately  after  the  poults 
had  eaten.    The  average  experimental  time  was  one  and  one-half  hours. 

Since  the  accuracy  of  metabolism  work  is  primarily  dependent  on 
the  precise  weighing  of  the  animal  and  the  absorption  tubes,  all  weigh- 
ings were  made  on  a  2-kg.  analytical  balance  sensitive  to  0.002  gram. 
A  few  weighings  were  made  on  heavy  duty  balance  with  a  sensitivity 
of  0.06  gram  under  a  load  of  5  kg. 

Feeding  methods.  Since  the  poults  were  not  fed  until  the  third  day 
after  hatching,  they  apparently  existed  upon  the  energy  obtained  from 
the  absorption  of  yolk  material.  Hence,  the  energy  metabolism  of  the 
birds  during  this  time  may  not  be  basal.  Barott,  Byerly  and  Pringle 
(5)  state  that  heat  values  obtained  from  domestic  chicks  under  five 
days  of  age  cannot  be  accepted  as  basal  values  because  of  the  un- 
absorbed  yolk  material  retained  in  the  birds. 

After  the  third  day,  food  and  water  were  kept  before  the  poults  at 
all  times,  except  that  birds  selected  for  metabolism  measurement  were 
kept  in  separate  pens  without  food  for  definite  periods. 
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The  manufacturer's*  analysis  of  the  food  used  is  as  follows: 

Carbohydrates    44.12% 

Protein    30.30% 

Fat     ^•^^'/^ 

Moisture     9.20% 

Calcium     2.25% 

Phosphorous    1.00% 

Fiber     3.80% 

Cod  liver  oil 2.00% 

Ash     9.54% 

Nitrogen    free    extract    40.32</o 

♦  Chapin   and   Company,   Hammond,    Indiana. 


Summary  and  Conclusions 


1.  The  heat  production  and  activity  of  two  strains  of  Avild  turkey 
poults  (Mclcacjris  (jallopavo  silvestris)  have  been  reported.  One  strani 
was  produced  bv  mating?  game  farm  females  with  males  of  the  same 
type  (the  "GF"' birds),  while  the  vsecond  arose  from  the  crossing  of 
game  farm  hens  with  wild  toms  (the  "\VM"  individuals). 

2.  The  effects  of  fasting  on  heat  production  and  body  weight  were 
found  to  vary  with  the  duration  of  the  fast  and  the  age  of  the  poult. 
As  the  fasting  period  lengthened,  there  was  a  noticeable  reduction  in 

both  factors. 

3.  A  comparison  of  the  average  basal  metabolism  and  muscular 
activity  of  both  types  of  poults  from  two  to  forty-eight  days  of  age 
was  made.  Age  may  affect  the  metabolic  rate,  since  the  heat  produc- 
tion progressively  increased  from  the  time  of  hatching.  The  highest 
values  w'ere  obtained  from  poults  fifteen  to  twenty  days  of  age,  though 
they  were  maintained  at  approximately  the  same  level  through  the 
thirty-eighth  day  of  life.  Also,  the  total  daily  heat  production,  as 
well  as  The  heat  production  per  square  meter  of  body  surface,  aver- 
aged higher  in  the  wild-crossed  ("WM")  poults  than  in  the  game  farm 
("GF")  individuals.  However,  since  it  was  determined  early  in  the 
investigations  that  even  small  amounts  of  muscular  activity  influenced 
the  metabolism  of  poults  in  either  group,  it  is  concluded  that  tlie 
higher  metabolism  of  the  wild  (*'\VM")  birds  was  primarily  the  result 
of  the  greater  nervous  irritability  and  muscular  activity  exhibited  by 
members  of  this  group.  The  average  diff'erence  in  the  total  activity 
per  experimental  hour  in  all  experiments  and  all  age  classes  approxi- 
mates forty-two  per  cent,  favoring  the  wild-crossed  ("WM")  birds. 

4.  The  "degree  of  physiological  distinction  between  two  closely  re- 
lated groups  of  wild  birds  is  obviously  difficult  to  measure.  Neverthe- 
less, it  is  concluded  that  the  wild-mated  ("WM")  poults  are  more  suit- 
able for  restocking  turkey  ranges  and  better  fitted  to  meet  present-day 
recreational  requirements  than  the  game  farm  ("GB"')  birds,  simply 
because  the  former  represents  a  physiological  strain  which  is  somewhat 
different  from  the  latter  with  respect  to  environmental  reactions  and 
functional  properties. 
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